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Foreword 


O F all the works of man in the various branches of en- 
gineering/none are so wonderful, so majestic, so awe¬ 
inspiring as the works of the Civil Engineer. -It is the Civil 
Engineer who throws a great bridge acrora the yawning chasm 
which seemingly forma an impassable obstacle to further 
progress. He designs and builds the skeletons of steel to dizzy 
heights, for the architect tp cover and adorn. He burrows 
through a great mountain and reaches the other side within a 
fraction of an inch of the spot located by the original survey. 
Hje scales mountain peaks, or traverses dry river beds, survey¬ 
ing and plotting hitherto unknown, or at least unsurveyod, 
regions. He builds our Panama Canals, our Arrow Rock and 
Roosevelt Dams, our water-works, filtration plants, and prac¬ 
tically all of our great public works. 

4, The importance of all of these' Immense engineering 
projects and the need a clear, non-technical presentation of 
the theoretical and praetkal developments of the broad field 
of Civil Engineering has led the publishers to compile this 
great refermice wmrk. It has been their aim to fulfill the de- 
mands of the trained ens^neer for authoritative material which 

* 

will solve tike pieblmits in his own imd aUled lines in Civil 
Engineering, as wril as to sa1lri!r the desires of the srif-taught 
praetMimanwImaitenH^tstokiopup wi^ modem enghie6i> 
ibg deveioimHmts.* 



^ Books on the several divisions of Civil Engineering are 
many and valuable, but their information is too voluminous to 
be of the greatest value for ready reference. The Cyclopedia of 
Civil Engineering offers more condensed and less technical 
treatments of these same subjects from which all unnecessary 
duplication has been eliminated; when compiled into nine 

c 

handy volumes, with comprehensive indexes to facilitate the 
looking up of various topics, they represent a library admirably 
adapted to the requirements of either the "technical or the 
practical reader. 

The Cyclopedia of Civil Engineering has for years occupied 
an enviable place in the held of technical literature as a 
standard reference work and the publishers have spared no 
expense to make this latest edition even more comprehensive 
and instructive. 

In conclusion, grateful acknowledgment is due to the staff 
of authors and collaborators—engineers of wide practical ex¬ 
perience, and teachers of well recognized ability — without 
whose hearty co-operation this work would have been im¬ 
possible. 
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RAILROAD ENGINl 

PART I. 





RAILROAD SURVEYS. 

1. Qeneral Principles. The en^neer should have first, a 
thorough appreciation of the objects to be ribcoinplished by the 
surv^eys. lie should realize that, except in the rare cases where it 
is difficult to find ant/ practicable line, very litUe engineering 
training or ability is required to lay out aline over which it would 
be physically possible to run trains. A line as laid out may violate 
all rules of location, may be expensive to operate and have disad¬ 
vantages which *will discourage traffic, and yet trains ean> be run 
over it. From the infinite number of possible locations, the en¬ 
gineer must select the location which best satisfies the various con¬ 
flicting interests. His value as an engineer de|)ends on his ability 
to interpret the natural conditions and design the line accordingly. 
This ability is only obtained by a thorough knowledge of the whole 
subject of raflroad engineering, supplemented by practical expe¬ 
rience. It is therefore true that many of the following statements 
will not be thoroughly appreciated until the stii lent has covered 
the wliole subject and then reviews it. 

a. Coafilcring Interests. There are several classes of inter¬ 
ests, which are generally more or less conflicting, which affect the 
location of every line* * 

(d) Tlts^nhial eoift vhmdd he a but the cheap¬ 

est road generally has shmrp curvature, steep grades and inOQii- 
venient location. 

(i) The ojterating expemen per train mile ehould he a 
minlinnui^ which is ^nerally equivalent to saying that the curva¬ 
ture should be light and the grades low, but this is usually unob¬ 
tainable except at great cost. 

ye) The location, nhoahj he convenient to eoureee of traffio 
so that the maximum traffic will be obtained, but this is geuerallj 
Very costly. 


It 
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A little»study will show the frequent conAiet of the above' 
conditions. When a proposed location evidently combines the 
above interests advantageously, instead of bringing them into con- 
flict, then there is no doubt as to the proper location, unless it 
affects unduly the adjacent location. The best engineering ability 
is a cheap investment when deciding on a location which requires 
a delicate balancing of the claims of several possible routes^ each 
with its own combination of greater or less initial cost, greater or 
less o|)erating expenses, and greater or less effect on the probable 
revenue of the road. • 

* RECONNOI5SANCE SURVEYS. 

3. Essential Problem. From the above considerations it may 
readily be seen that the Arst survey to be made (called the recon< 
iioissanee survey) consists essentially of a broad ’examination of 
the country through which the road is expected to pass. Business 
considerations usually predetermine that the road Is to connect 
certain termini and also pass through certain intermediate impoiv. 
tant towns or cities, but the problem consists in Anding the l>e^t 
route l)etween the predetermined points. When two consecutive 
predetermined points lie in the same valley or on the same bank of 
a river too large to be easily bridged, the location is self-evident. 
If the river is smaller, easily bridged, has sharp bends, with 
variable banks and important towns on either bank, it will usually 
Inquire a close examination of each bank to determine where to 
cross if at all. When the two points are many miles a^rt, lie in 
different valleys, and are therefore Be{)arated by one or luore sum- 
Ml its, the selection of the best route becomes more and more eom- 
plipated as the number of possible routes becomes greater. It is 
generally true, although not invariably, that a cross-country route 
which iucludeQ, the lowest summits and the highest Imo points 
(such as river crossings) will give the best grades. Since the 
** ruling gradA*’ is the most important physical consideration for 
the engineer, wi will lie developeil later, the chief work of the 
recoiiuoissauce survey (apart fi^in considerations of probable 
||rafiio) is the detecininatioti of die elevations of summits and 
sags and the distance.between them, toother with the constructive 
charactef of the country. 
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4, Utilbsatioil of Existing Maps. Tlio U. tS. Geological 
Surrey has already published contour maps of a large part of the 
country which enable an engineer to m‘lect a line with even 
greater ease and certainty than he can from a reconiioissauce map 
. made for the purjwse (as usually tuade\ since the U. S. G, 8. maps 

show the country and enable the engineer to rapidly com- 

pareaa dozen suggested routes instead of couiining his attention to 
the (usually) limited area of the special map. Tlie errors of the 
U. 8. G. 8. maps will seldom if ever, bo sufficient to vitiate the 
accuracy of the preliminary route laid out from them. Usually a 
brief study of the map will demonstrate that ona (or ]:)erhaps two 
or three) general route has advantages so pronouncwl over all 
other possible routes that the choice is immediately made or is at 
least reduced to tlie com]>nrison of two or three lines which are so 
nearly e<ptal that closer and more detailed surveys are necHWsary 
to decide between them. County atlases are'usnally sufficiently 
accurate for recoilnoissance purpses to the extent of giving the 
relative horizontal psitionsVif governing pints of the survey* 
Elevations may be determined (as described later) and plottc^d on 
^hese maps. 

5, Surveying Methods. When reliable contour maps are 
unavailable, some of the following methods may be used to fill out 
existing maps or to make a complete reeonnOis sance survey. , The 
essential pint is the rapid determination of those details from 
which one route is shown to lie 8ii|M^rior to another. Kothing 
useless should be surveyed and no time should lie w'asted on an 
unnecessary degree of accuracy. Tlio pljysical characteristics of 
two routes have usually such differences that they are apprent 
even with rapid and approximate methods of surveying. If two 
routes are so nearly equal that a decisive choice cannot lie made 
from the results of recon noissance surveys, it shows {hat a more 
accurate survey should be made of both routes. 

6 , Elements. The three elements of the survey of any line 
are (a) tlie length, (J) the direction, pd (<?) the slop or the relative 
elevation of the two ends. Dutan^. The len^h is sometimes 
determined with suffident accuracy by pacing, the step being 
Counted with a pedometer. In an opn prairie country, where a 
'twggy may be nm, an odometer attached to a wheel will count 
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revolutions. ^An odometer on a wheel, attached to a frame and 
trundled like a wheelbarrow, has been used for the same purpose. 
A large tele8CO|)e, mounted with a universal joint on a very light 
trijxxl, and fitted with stadia wires so adjusted that distances of 
2,(M)0 or even 2,500 feet can l)e read to the nearest 10 feet on a 
10 -foot rod, will give the distances between widely separated sta¬ 
tions with sufficient accuracy and extreme rapidity. I>iraotioii, 
may be obtained with sufficient accuracy with a coinj)a8s—even of 
the pocket type. Leveling. Spirit leveling is too slow and ex- 
pensive for the rapid surveying here required. If stadia methods 
are used with an instrument provided for reading vertical angles, 
the inclination of all lines may be observed and the elevations of 
all stations computed. A still more rapid method of observing 
differences of elevation with sufficient accuracy for the purpose is 
found in the use of an aneroid barometer, supplemented by another 
aneroid or preferably by a mercurial barometer. The mercurial, 
or the office aneroid, is kept at some office whose elevation is known 
and observations are regularly taken (say every half hour) during 
the {)eriod when observations are being, taken in the field with the 
field aneroid. Hie field aneroid is taken to each place, within a 
range of several miles, where elevations are desired. At each point 
there should l)o noted (see the form of notes IhjIow) the time, the 
described location, the aneroid reading and the temperature. If 
jtossible, duplicate readings should be taken on the trip to and from 
the office on all important points. Tlie elevations of succeeding 
office locations made, ma^ be determined with the field aneroid if 
necessary, but of course extra care should be taken with such work. 

Aneroids are usually ‘^compensated for temperature,’’ so 
adjusted that they will give a true reading regardless of temperature. 
If an aneroid has not been so adjusted, it should be carefully com¬ 
pared withS^a standard mercurial barometer under widely varying 
conditions of temperature and a tabular form should be made out 
for that aneroid showing the correction to be applied at any given* 
temperature. On account of the expailsion of mercury with tern- 
]ieratnre, and also the expansion (at a different rate) of the tube 
and cistern, aU readings of' the mercurial barometer must he 
' “rtsduoed to*32® F.,” tV., reduced to the reading it would have, if 
the temperaturb of the instnirfiifit were 82^ F. This is readily ac* 
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Gomplished by means of Table XL* At the office, each half-hourly 
observation should include the time, the reading of the scale show, 
ing the height of the mercury, the reading of the “attached ther¬ 
mometer” (the thermometer attached to the mercurial) and also 
the temperature of the external air. When the mercurial is in. 
doors these two temjK^raturtiS may differ somewhat. When rwlnc- 
ing*the observatioua interpolation should be made if necessary 
between the reduced office observations to determine the probable 
reading of the mercurial at the time of any given field observation, 
petennine from^Table XII* the heights corres{)onding to the field 
reading and reduced offic-e reading for each |)air of observations. 
Their difference is the approxlnuttc. difft^eiioe of elevation of the 
office and of the place of the field observation. If necessary this 
may be correctt*i by an amount ecpial to the approximate differ- 
ence of elevation .imes a ctjefficient derived from Table XIIL* This 
coefficient is found op])Osite tlie number which gives the mim of the 
temperatures in the field and outside the office. The correction is 
frequently too small to Ije noticed. An approximate calculatitm 
will often show this, or will give a solution to the nearest foot, 
which is amply accurate. An aneroid, no matter how perfect, will 
seldom agree exactly with a mercurial barometer, and even if ad¬ 
justed to the same n^ading will soon indicate some discrejwicy. 
It is therefore l»etter to leave the adjustmei.t undisturlajd and 
apply corrections. The aneroid should therefore Iw compared with 
the mercurial before leaving beadtpiarters for a day’s work, and 
the readings of both and their fare nee should be recorded. 

Immediately after returning from the day's work the aneroid should 
agaiii Im5 cornjiared. The absolute reading of the mercurial will 
probably be higher or lower, but the d'tfferem'e should be nearly 
the same, although it is found that an aneroid will lag somew'bat 
behind its true reading, es{)ecially if it has been subjected loan 
extreme variation of ])res8nre. All the field readings of the an¬ 
eroid should therefore Iw corrected by the rnen/n of the initial and 
final differences. The method and the alxive explanation may be 
illustrated by the following numerical examples t 

7. Examples. 1. Given a reading of 28.092 on a rner- 

•Sm W«bb*s "Trlfonomttrte {ittiMUliea 1t]r American S«bool of Corroepoad-. 

niee.CUesiSa,lit 
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cnrial barometer, what is its reading when redneed to 32° F., the 
reading of the attached tberinoineter being 68.6'^ F.? In Table 
XI*, under 28.5and opjKwite 38^’, vre find - .101. Under 29,0 and 
for 1)8" M’e find - .103. For 28.692 and 68" it evidently should be 
- .102 (to the nearest thonsandth). Similarly for 28.092 and 69° 
we may derive ~ .105. For 28.692 and 68.5° it would be the mean 
or ~ .1035, which we will call - .103 since it is useless to conupute 
the correction closer than the nearest thousandth. Then since the 
correction is ~ .103, the corrected reading should l)e 28.589. With 
a little practice the interpolations, when necessaVy, may be made 
in far less time than it takes to describe it. 

2. Verify the folkiwing reductions: 


Bar. reading. 

Temp. 

RediU’ert reading. 

1>6.426 

.58" P. 

26..%56 

27.892 

78.5 

27.767 

28.475 

a5. 

28..‘Jf» 

.T0.847 

48.5 

3f),792 


3. Reduce the following readings: 27.294, 47"; 29.462, 87°; 
26.230, 78.5°; 25.241, 62’; 26.481, 75 ; 29.625, 8{>.5°; 30.942, 
88.5"; 29.784, 46.5"; 28.386, 48°; 27.942, 74.5’. 

4 . (kunpute the barometric elevation corresponding to a 
reading of 28.689. From Table XII* the reading for 28.B is 1397 
and the difference for .01 is -9.5; therefore, for .089 the correction 
will be - 9.5 -X 8.9 — - 84.55. or in whole numbers - 85. Then 
1897 - 85 = 1312, the corrected reading. 

6 . Verify the following elevations from the reduced read- 
ingp: 26.356, 27.767, 28.330, and 30.792; y.e., 3528, 2107, 1560, 
and - 710. 

6 . Compute the barometric elevations corresponding to the 
reduced rmdhiga found by solving Example 3. 

7. With an approximate difference of elevation of ~ 136 feet 
and field iind office temperatures of 62° and 67°, what is the true 
difference of elevation ? 62 + 67 = 129. For 129° the coeflii- 
cient is (by interpolation) + .0367. 136 X (-b .0357)=: -f- 4.8552. 
For this slight difference of <^vation, the coefficient is far more 
accurate than necessary, and bT course the correction is called + 5. 

•Sm “Trigonometric intliUslied by Amerieati School of CorresfKnid- 

^Moe.Cblongo, & Price, 86^ 
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Tlie difference of elevation should be increased by 6, but tlie dif¬ 
ference is essentially negative. Therefore we have as the correc¬ 
tion *“(4- 5). The true difference of elevation is ~ 136 - (+ 6) “■= 
-141. * ; 

8 . The following example shows not only the method of 
recording the observations but also the roraplete solution of a 
prolAem. • 


Tlm«. 

Mercurial 

1 baromcier. 

1 • 

1 " ' " 1 

Attached j 
thermometer. 

! Reduction to 
.sso F. 

Correct«Hi 

reading. 

ICxtorual 

thermometer. 

7:00 A. M. 

28.892 

62^ i 

-.087 

28.905 

60“ F, 


.724 

84 

-.092 

.(cri 

62 

8:00 

.756 

66.5 

-.099 • 

.857 

64 


.782 

68 

-.102 

.680 

65 

9KX) 

1 

.824 

69 

-.105 

.719 

66 


The observations taken in the field at this time were as given 
in the first four coliiinns ui the following tabular form. The 
other columns are computed later in the office. 

(Left-hand {>age of notes.) 


• 

Timfi. 

74X) A. M. 

Place. 

OflRoo. 

; Aneroid. 

1 

Therm. 

62“ 

CorrwtwJ 

aneroid. 

Cfimvted 

mercurial. 

28.605 
.623 
.605 . 

.706 

7:20 

8:10 

8:50 

R. R. Junction.' .769 

Blue River.860 
Saddle in i 

Beantmle ridt^j ..522 

(« 

65 

66 

.(Wl 

.722 

.:i84 

(Right-hand }>age of notes.) 


• 



Ext temp. 

Appnix. field 

Apivox. o/Mce 


(Jorreetlon 

nifrerenee of 

olllce. 

reading. 

reading. 



for temp. 

elevatlcjii. 


rnBSm 

1280 


-7 

0 

,, ,. 

-7 

64 


1240 


-M 

— (-[- 2) 

-56 

66 

9KQ1H 

laoi 


-f .T07 

.f 12 

+ 319 


8. Low Ruling Grades. It will be develojied later that a 
low ruling grade is of prime importance. Tlie approximate value 
of the ruling grade is determined from the reconitoissaiice survey. 
If the country is mountainous, it jpay be necessary to develop’* 
the line in order to reduce the grade. Development** hem 
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meftns a deliberate increase in the length of the linh between two 
predetermined points so that the rate of grade shall be as low as 
desired. The (reoigetowii spiral^ shown in Fig. 1, is iierhaps the 
most famous example in this country of this general method. A 
study of the course of the track will ilhistiate several methods of 
taking advantage of the topography and attaining a considerable 
elevation although the grade is kept low. 

PRELIMINARY SURVEYS. 

9. Qcneraf Object. The reconnoissance survey has shown 
that the best location for the road will lie somc^'here through a 
certain Iwlt of country. In some placed this belt may be very 
narrow^ i.e,, certain topographical features will determine that the 
road mmt pass through a strip hut little if any wider than the 
roadbed requirements. In other places the choice of }) 08 sible loca¬ 
tion is so widened that it is necessary to survey everything within 
reach of the backbone line of the survey. The willingness or finan¬ 
cial ability of the company to ignore minor topographical con¬ 
siderations and incur heavy ex{)ense in order to obtain economic 
advantages, may also widen tlie area of jxissibic location. As a 
general statement, the width of the belt surveyed should so vary 
as to include all practicable Im^ations along that general route. 

10. Cross Section Method. A broken Jj iie is run which 
shall He as near the ex{)eeted location line as [tossible. Tlie bear¬ 
ing and length of each segment of the broken line is determined* 
and also all essential topographical features on either side. Bear- 
ings are sometimes taken only with a compass, which has the 
advar.tage of great rapidity but lessened accuracy. For more ac¬ 
curate work, true azimuth is carried along by means of back sights 
at previous stations. The azimutlis between stations should bH 
checked by means of needle readings. It is advisable to determine 
exact azimuth at the beginning of a survey and at intervals of a 
few miles. This may Im) done by oljservatione on Polaris (see 
l^ane Surteying, Part II, Pages 95 to 97), or still better, by solar 
obsmrt%tionB which may be taken with great accuracy at any time 
of-day. Set stakes at each even 100 feet. In general the instm- 
Rient stations will not occur at the eren lOO-foot distances, but tibe, 
edd distance should always be carried on to the next coarse. The 
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stakes shonld'be a1>oiit fifteen inclies long and abont one-and-one- 
quarter inches square. Stakes with a cross-section of one inch bj 
one-and-one-half inches are preferred by some. The stakes indi¬ 
cating the lOO-foot stations should be driven to within five inches 
of the ground. Stakes indicating the locations of the transit (called 
hubs) should l)e driven flush with the ground. A “ witness stake” 
should then be driven tlmn) feet to the right and on this •stake 
should be marked the station nuinl)er and the plus distance 
e.^., the stake might show 137 40, which would indicate that the 

stake was 40 feet Ixivond Sta. 137, and 13,740 fdet from the start- 
ing |>oint. Station stakes should Ih^ marked with the station 
niimla^r on the 8i<)e of the slake. Immediately following the 
transit |>arty, the level party should obtain the elevations above the 
datum plane of all stations and substationB, ridges, sags, river banks 
and any point where the profile <'l»ange8 abruptly. 

11. Cross Sectioning. Use a^Locke level, resting on a five- 
foot stick, a 60-foot tH|)e and a ten-foot real graduated to ft*et and 
tenths. The cross-section j)arty taTces ciDas sections (usually) at 
every lOO-foot stake, the cross swtion being made jwrfwndicnlar 
to the bHcklH)ne line of the survey at that place, as is indicated Uy 
the dottrtl lines in Fig. 2. It is desirwl to plot on the map con¬ 
tours at each five-f(M»t interval above the datum [dane. Let Fig. 
3 represent a typical cross section. t>et the level (on its five-foot 
stick) at the stake S. The elevation of this stake given by the 
level party is (say) ltIlL4. The level therefore has an elevation of 
l'’'4.4. If the level rod is moveti up hill until it is found (by 
trial) that 4.4 mark is on a level with the telescope, then the base 
ol the rod must have a level of 170 and must be on the 170-foot 
contour. Measure the distance honsantnlly from stake to rod 
||^tid record as shown in Fig. 4. Leaving the level rod at that }>oint, 
carry the stick and level up the hill until a level line strikes the 
top of the r(W. The base of the stick is evidently on the 176-foot 

contour. Measure and record the distance as before. Tarry the 

% 

level rod to that point and in a similar manner determine the 180 
foot contour If desired. Tlie 165-foot contour is evidently f .4 feet 
below the Udescope when on ^e 5-foot stick at the center stake. 
Tlie distance from the center to the 166.foot contour can thus 
.fotttid. I^wer contours can be similarly obtained. The results 
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ahonld li)e plotUiKi in a note-book ruled in ipiarteiv^incli squares, 
each side of a square represeJiting 25 feet. The work will then Ije 
plotted on the scale of 1(K) feet per inch. If tlie successive stations 
are plotted vp the page, the drawing will corrt^spond with the 
|)oint8 when looking ahead along the line. After plotting each 
suction, the corresponding contours should be connected to form a 
sketch like Fig. 4. Tlie crossing of the main line by a contour 
may be similarly determined. Fig. 4 is simply an enlargetl detail 
of a sketch like Fig. 2. Although the Locke level is incapable of 



accurate leveling work, uny error thatonay be nia<le by the aljove 
method is confined to the station where it (H*eiirs and is not carried 
on and made cumulative. With learonahle care such inaccuraci 
can be kept within desirtKl limits, while the rapidity is far grew 
tiian a more accurate method. 

12, Stadia Method. This consists simply of a stadia survey 
of a long and narrow ladt of country by the same general methods 
as thuse employed in oitiinary stadia-topographical surveys. One 
advantage of this metlusl is that the levels can lit^ carried along 
very successfnlly as a part of tlie stadia work, if particular care is 
takeu to always <ibtatii practical agreement in the vertical angles 
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for tlie foresi^lit and backsight between conseontive stations. Tbis 
will generally pennit ifiore rapid W’ork, as the progress of the 
whole party is sonietiuies limited by the progress of the level 

party. The added cost 

___jgQ._• of the level party is also 

J saved. It is here as- 

... Slimed that the details 

I stadia‘work have al- 

ready been stiiditHl and 

}.-therefore no further dis- 

* eussion will be given of 

Fig. 3. * ajipli- 

eatiou of the general 
method. As in the previous metluMl, the primary objeet of the 
survey is the preparation of a map showirig the contours an^ 
reijuired tofKigraphical features over the desired area. 


Fig. 3. 



Fig. 4. 


13 .: Party Required. It has l>een forcibly said that the only 
duty of the thUf-of-puriif is yo ‘‘keep his eyes open”. The 
seletrtion of the beet route for a road fo de|)enda on a close study 
of the country that if the chieLof-jiarty is reijiiired to do the work 
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*of transitman, as is sometimes the case, tbe work of either position 
is apt to suffer. The work of the transitmaii is 80 *exacting that 
he should not be required to spend any time in studying out a 
ronte. Beside these two, thejre should be two flagmen, two chain- 
men, one stakemau and two or more axemen—depending on the 
wooded character of the countr}'. On stadia surveys the flagmen 
and qhainineu may be replaced by two or more rodmen; it is also 
economical to have a recorder, as it facilitates the prioress of the 
whole |)arty. The cross-sectiob jwrty should consist of a level- 
man, recorder, at\^ two taj>emen. Tliis party eati be <*ut down to 
three, or in an emergency two, but it is uneconoiriical in tbe lung 
nui. The level party Will consist of a leveler Aitd rodman. If 
the party is camping out, a cook and one or more teamstt^rs will 
usually I»e requirt>d to handle the camp e<juipage, as it is unwise 
to require the surveyors to sjiend their lime in such work. 

* 14. Re-aurveya. Much of the defective loi'ation of rail¬ 

roads is due to (1) deciding hastily on a general ronte, (2) then 
surveying a line through the, Ixdt with great detail and aiamracy, 
(3) then locating the line substantially ns first surveyetl, l>ecausi) 
the line is fairly good (or at least'not very bad), and also l)ecafls*‘ 
of an unwillingness to throw away the detaile<l work of a laige 
|)arty for several weeks. Frequently a great anionnt of unneces¬ 
sary and wholly useless detail is surveyed and plotted during tlie 
reconnoissance and preliminary surveys. These surveys should 
only include those salient facts w}n<di instai. ly stamp a ronte as 
being inferior or 8n|»erior to another. Usually the general Iwa- 
tion of a large part of a route is self evident or niay l»e deter-' 
mined after a brief examinatiuii. Hut there are generally places 
along the line where for a few miles a hasty examination of two 
or three lines is not only jnstifiubie but is the only projjer cour^ 
Two or more of these short ]oo|a3 may show advantagt^s so evet^ 
divided that a more elaborate survey is nwessary to decide betweem 
them. Even after the location survey has been made, or even 
after construction has Uigan, changes are often proper, but if tbe . 
preliminary surveying has been well done only minor changes 
should be needed. A few hundred dollars spent on extra survey¬ 
ing is A wise investment considering the great probability of sn 
immediate saving of as many thousands in construction or of an 
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operating advantage whose annual value might lie as great as the 
cost of the extra surveying. 

LOCATION SURVEYS. 

15 . Selecting: a Route. Mueh of the railroad location of 
the country has been done by picking out the line on the ground, 
even making it follow in places the backbone line of the prelim¬ 
inary survey, running from one course to the next by means of 
suitable curves. In tbe hands of a good engineer the method is 
not nectissarily very bad, but it is much improved^by the following 
modification. Pajter loaatUm. The work of the preliminary sur¬ 
vey is carefully' plotted fioni the transit notes and cross-section 
book to a scale of 2(K) feet per inch. On this map may lie plotted 
one or more trial location lines. Each of these consi.st 8 of circular 
curves joined l>y tangents. Tlte location lino must jiass through 
any predetermined points and yet join them by lines which wifi 
give the In^st locivtion, considering, the eonfiicting interests as 
descriWd in Si'tctiou 1. Within tlie limits of the preliminary 
map several locations are generally {lossible and ane great element 
of the value of such a map lies in the ease with which several 
routt^B may lie laid out and compared. I’rofiles may he drawn fur 
each line laid' down by noting tbe intersection of tlie line with 
each contour. Drawing on the profile tlie required grade line will 
give a relative idea of the amount of earthwork required. The 
method is esjiecially valuable when “development” is necessary. 
^Althougli such a line must sometimes bo laid out by a bold and 
apparently unsystematic trial of a route, yet some approach to a 
systematic solution may be made as follows: Assume that the 
maximum ruling grade has been determined as 1.2 per cent, and 
that' the contours have, as usual, a five-foot interval. It will 
uire 417 feet of 1.2 jn^r cent grade to rise five feet. Set a pair 
of dividers that they w'ill step off spaces of 417 feet ou tbe 
map. Starting on a contour at the required b^^inning of a grade, 
swing the dividers so that they will just reach the next contour 
and coutinne to step off such sjiaces. Joining these points, such 
a line would be a purely surface line, would proliably be very 
crooked and oUkeryrise unsnitaUe, but it probably would be sug¬ 
gestive of a practicable route. After locating on the map the brat 
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obtainable line, it should then be transferred to the ground. 
Measure to scale the lengths af all '‘tangents'* (the'atraight linos 
joining the curves), and the radii and lengths of all curves. 
Instead of scaling off the Jvntfth of a curve, it may Iw more aocn- 
rate to measure with a protractor, or with a scale of chords, the 
angle l>etween the tangents at each end of the curve, and from the 
angle and the radius compute the length. Usually the located 
line *will lie fairly close to the preliminary line—close enough so 
that tie lines may readily l>e run between them. These should be 
scaled from the niap. To prevent the accumulation of error due 
to inacenraeies, the length (or radii) of curves or the length'of 
tangents should l)e altered if necessary h(» as to make the location 
check on the ground with the positions t)f the stakes of the pre< 
lititinary Burvev. The method of making such uioditications will 
be taken up later. 

* 16. Surveying Methods. Only the most precise work with 

a transit can be tolerated. The com^Mss newlle is only to be used 
as a check, but its use for this purpose should be insistiHl on, as 
it frerpiently detirts a gross error. Transit stations should Ihj 
marked by *‘hul»8” ami “ witness stakes” (Section 10). Kefereuce 
Intakes should also l>e set at places as near as possible to the prinei' 
pal stations and yet outside of the line of all earthwork o|)crations, 
BO that at any stage of the construction lite positions of the original 
stakes may Iw easily rccoverKl. Tlio link chain as a measurer has 
now Khui practically discarded for the sOnd njje. Fractions of a 
foot are ineasurtHl in tenths and hundredths rather tliaii in inches. 
The pfrftonnA of the party will !)e almost identical W'itli that of 
the preliminary survey party excejjt that the cross se<d,ion }>arty 
will he replaced by the slojie-stake party, whom duties are similar, 
but who generally use a level on a tri|K)d rather tliau a hand level. 
The description of the duties of the slojie-stake ]»arty will Ihj de¬ 
ferred to a later chapter. The leveling ])arty should establish 
“bench-marks” at fre<pierit intervals along tlie line. A spike 
driven in the roots of a large tree is one of the l^est and easiest es¬ 
tablished of marks in rural districts. A mark on any large 
masonry structnre, such as a bridge abutment ora building, should 
be obtiUDed when possible. Levels should be taken to hundredths 
of a foot on toroing pomts and^be^ marks., Some engineers 
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read to thousandths of a foot, but when it is considerod that one* 
division of a level bubble usually oorre8|k)ndB to 30" of arc, and that 
at a distance of 150 feet a movement of 80" of arc will correspond 
to ,0218 foot on the rod, an error of level amounting to a very small 
fraction of a division will make an error of several thousandths or 
even a hundredth. Tlierefore unless unusual care is taken in 
handling the level, it is a useless refinement to read the (od to 
thousandths. In reading elevations of the surface of the ground, 
the nearest tenth of a f(x)t is sufficiently accurate. The complete 
details of location surveys can only be appreciated after the subjiHst 
of railroad curves has l)een studied, and they will not therefore be 
further elaborated here, 


SIMPLE CURVES. 


17. Method of Measurement. The alignment of a track is 
the geometrictil form of the line midway between the two rails. 
Such a center line may l>e a straight line, a simple curve or a curve 
of double iMirvature, but it siinplifibs matters to consider always 

the horizontal projection of such lines. 
Their vertical projections are considered 
separately when it is necessary. Curves are 
sometimes designated by their radius or by^ 
the degrees and minutes subtended by a unit 
chord. Nearly all railroad curves have such 
long radii that it is impracticable to use the 
center. Tlierefore all work is done at the 
circumference in accordance with geomet¬ 
rical principles which will ifbw be described. 
If AR, Fig. 5, is a chord ofN|||iit length, then D is called 
for t^e radius R. 

AO Bia -g- D = ^AB = -I"®- 
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which becomes by inrersion 

• * 

sin -i D = 
#2 


0 

2ll 



The length of the unit sub-eliord varies somewhat with cas> 
tom. The almost invariable practice in the Tnited States is to use 
a unit chord length of 100 feet. Substituting 0 == 100 in equa* 
tion 1, and Buccessively assuming values from 0"’ 01' up to 12" 0' 
varying by single iniiinteSy and with laigor intervals for higher 
degrees which ai^ very seldom used, the radius of almost any curve 
may be tabulated for ready and convenient use. Such a table is 
found in Table which also gives the logaritlnn of each radius. 
A very common rule, which is approximate bnt acwurate enough 
for many uses, is as follows, using the same notation as before: 


R 


5730 
■ I) 



i8. Sub-Chorda. Tt offen Injcomes necessary to lay off a 
chord length which is less than 100 feet an<l to know' the angle 
subtended at the center. Since a cbonl 
ib shorter than its are, it also follows 
that the sum of the four e<pial chords in 
Fig. 6 is also shorter than the total arc 
although they are evidently longer than 
the 100' chord. But it is found inora 
convenient to say that the chord has a 
nominal length (in this case) of 25 feet.> 

As in equation (2) we may derive 



am ^<7 — 


2li 


( 4 ) 


fl. 


Ill which fl is the angle subtending tbe sub-cliord whose f-rus 
length is c. By inversion we have 


2 R sin d 


(s) 


Calling, the nmnimiT length c’, we have tbe proportion 

c' : 100 :: : D 

I -TfSgooomMrlaTablM,’' pobUsbed bjr Aacrksan Stebool of OomwlHiad- 

•nob.Cldea90.ttt. moBtSOe. ^ ^ 
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. EXAMPLES FOR PRACTICE. 

1. What is the true length of a chord of a 3® 80' curve 
whose iioiiiiual lengtii is 40 feet? From the aliove proportion, 

40 

d = D = 0.40 X 3.5 “ 1.4'’ == 1'’ 24'. Substituting in equa* 
tion 5, W'e Iiave 

6- = 2 X 1037.3 X sin i (P 24') = 40.005. 

ti 

Note tliat tile evcean over 40 feet is very small—about one- 
sixteenth of an inch. It is always small for low*degrees of curva¬ 
ture. In the following example it is far greater. 

2. What is the tfue length of a chord of a 12® curve whose 
nominal length is 00 feet? Ann. 00.070. In this case it would 
be a gross error to neglect to allow for this difference. 

i9. Length of a Curve. Tlie length of a curve is always 
considered to be the quotient of lOOA -j- D, in which A is the 
total central angle of the curve or the angle between the terminal 
tangents. The mean length of the two rails of a curve is always 
a little in excess of this, but the excess is always so small that it 
has no practical importance. It merely adds an insignificant 
amount to the length of rail required. Emruple. A 4® curve 
liegins at Sta. 10 -f- 80 and runs to Sta. 21 + 35. The nominal 
length of the curve is 455 feet. The actual arc (which is the 
mean of the two rail lengths) is 

4.55 X 4® X R X 455.09 

which shows thr.t the excess in this case 
.09 foot, a little over an inch. 

20. Elements of a Curve. The follow- 
ing fundamental relations apply to all curves. 
See Fig. 7. The beginning of the curve, A, 
Mis called the point of curvfif PC. The other 
end of the curve at B is called the point of 
Uvngennj^ PT. The intersection of the two 
tangents is called the vertex (Y). The central angle. A, is the 
an f.t V between the tangents, and it is equal to the'angleai 
the oei^r, O, between the radii drawn to the PC and PT. The * 
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*two equal tangents AV and BV are called T. 

The chord AB is called the Imig chords LO. The distance IIG 
from the middle of the long chord to the middle of the arc is 
called the middle ordinate, M. The distance GY from the middle 
of the arc to the vertex is called the exUiriud dutmury E. From 
trigonometry the following commonly used relations are easily 
derivt^. 


T == It tan Q A ( 6 ) 

LC = 2RBin2A ^ (7) 

M = It vers A ( 8 ) 

E It exsec A ( 9 ) 


The v.v/wy/ abbreviatwi to vv yw, and the f'xfff- 

iml secanty abbreviated to are trigonometrical functions 

which are not commonly used except in railroad work, and some 
works on trigonometry omit their diecnssion. An inspiiction of 
the figure readily show’s that vers --- 1 - cos </, arid that exsec 
a r= gee « 1.1 

From trigonometry we may derive the general e(|iiation that 
tan n -f- exsec — cot \ a. Therefore, by divi» ing equation 0 by 
equation 9 and trans{K)sing we obtain 

T =-KTOt J A (10) 


21. Elements of a r Curve. Tlie various elements of a cur^e 
ere exactly pro|x>rtional to the radius and nearly proportionl^ to 
. the degree of curve. Therefore if the tangents, external distancH^s 
i^t^id long chords are computed from equatiolte 0, 7 and 9 for var* 
„ ions values of A from 1'* to 01"', varying by 10', then an approxi¬ 
mate value for any de^pree of curve and value of A may lie found 
by taking out its value for a 1 ' curve (by interj[)Cilation if neceseifiry) 
and dien dividing tliat value by the de^lW of curve. For;low 
‘degrees of curvature the inaccuracy of this methcKi is usually small 
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TO« = ~ OCa 
aOh 


hOd=^^bG(l 


IfOaffs; 100 feet, then by deiiiiition, the angle OOa = I), and 
the angle TOa = i D, Likewise if the chord ah “ 100 feet, 


1 


then the angle aCh ss D and the angle aOh = ^ 1). hd is a 
subchord subtending the ang^* //, and the angle hOd ~ d. 


Therefore if a transit is set up at the jwint O, any point of the 
carve may be determined by measuring the 
proper chord length from O in a direction 
determined by swinging an angle from the 
tangent OT equal to onedtalf^oi the angle 
measured at 0 between O and the desired 
point. But the measurement need not I)e 
m^e ^irectly from O if other points have 
already been determined; h may l)e deter¬ 
mined from a and d from h. Since it is 
generally impracticable to locate more than 
500 feet of curve from any one p>int, on account of natural 
obstructions (and sometimes the distance is very short), the transit 
must be moved up to a new station already established on the 
curve. But the same principleB will apply and may be repeated 
indefinitely. 

24. Computing the Deflections. If the point of curve is 
less than 100 feet from tlie last regular‘station, the remainder of 
the 100 feet mnst be laid off as a subchord. Onadiundred-foot 
chords are set off until a station is reached which is within 100 
feet of the end of the curve or (nainerically) until the degrees of 
centnd angle remaining is less than D. That remainder is the 
angle for the final subchord. The foregoing may be illustrated by 
, a numerical case: A 4^ curve is to be^n at Sta. 24 + 40. The 
central angle is 18'^ 40'. Compute the deflections. The first ste¬ 
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tion point ia 60 feet l^eyond. the point of curve. The aubchord 

angle is therefore X = 2.4" = 2" 24'. The deflection from 

the tangent ia one-half of this or 1° 12'. The deflection for the 
P.T. ia one-half of the total central angle or 0 " 20'. Subtracting 
1 " 12 ' we have left 8 " 08', which will allow for four deflections of 

0 " 08' • 

2" each and 0° 08' over, which will require a chord = —g— X 100 

= 6.67 feet. The curve will therefore end at Sta. 29 -f 6.67. 

18" 40^ 

This may Ije verified or otherwise computed as follows: —j.,— 

= 4.6)6667, the total mmunal length of the curve in station lengths 
of 100 feet. That is, the length will be 466.67. The first sub¬ 
chord is 60 feet; then four chords of 100 feet; then a final sulKshord 
of 6.67 feet. Tlie deflections may be tabulated as follows: 

P.G. Bta. 24 H 40 O' 


25 

0 ' 


i 

1 " 12 ' =r r 

12 ' 

26 

1 " 

12 ' 

+ 

00 

; r 

12 ' 

27 

6" 

12 ' 

+ 

r 

= 5" 

12 ' 

28 

5" 

12 ' 

+ 

0 * 

he 

= *T’ 

12 ' 

29 

70 

12 ' 

-f 

O’^ 


12 ' * 

29 4 - 

6.67, ir 

12 ' 

+ 

O'OS 

' 1 .-. 0 " 

20 ', wliicli is one 


half of 18 ' 40 ' as it should be. 

25. Instrumental Work. The al)ove numerical case is com¬ 
paratively simple. When the degree of curve is an odd quantity 
and when difliculties of location require that the transit be set up 
at substations on the curve, then the numerical work, although 
worked out on precisely the same principle, is much grefkter and 
chances for numerical error are greater. The following rule for 
inatrnmenl^al work is as simple as any for the simple cases and is 
far better for the more complicated cases. Compute the deflec¬ 
tions for all stations and substations as illustrated alx>ve. Bet up 
the transit at the P.C., and locate from it all stations that may be 
conveniently reached. Then move up the transit to a forward 
station and use the following rule: 

the trauftit -*ft net (ft nny fitnmrd eifftt-oti^ haekeight to, 
AWT pi'evUtm station with j^latee eet at the angle 


32 



RAILROAD KNOINEERINO 


2.1 


fm' tJm station sighted at. Plunge th-e teUs^sipe^aad sight at 
any fm'ward station with the defttn't^m angle computed foe that 
station. 

The student should verify for himself the trutli of this ruls^ 
by drawing out a simple case and noting the angles both for fore¬ 
sight and backsight for any station, when the transit is locattMi at 
any station. 

(hirve location requires extreme care on the part of field men, 
for a very slight inaccuracy is apt to be multiplied until the error 
is intolerable. The transit should l)e very carefully centered over 
hubs, which should Iwt) referred to fwints which avill not Iw dis¬ 
til i’IhhI dnriniT construction. • 

26 . Special Methods of Location. The alnivit method, using 
a transit and tap*, is the ordinary and prefenil»Ie method, but it is 



sometimes lutcessary to lay out a curve wdici) a transit is not at 
hand and there are sometimes special conditions when a modifica¬ 
tion of the above method will bo mo;*e accurate. The enginwr 
must have learned the fundamental principles of curve location so 
tiioionghly that he may decide on the best method to use and even 
to invent some modification which may best suit the sfiecial case 
in hand. A few of these special cases will lie descrilxd. 

(aj Using two transits. The location may run over swampy 
ground where accurate chaining is impracticable. Some point of 
tlie curve beyond the sw’aiiip may lie IocsUkI, jierhaps by triangu- 
lalioD, by computing its angle of deflection and tlie length of the 
long cboid {equation 7). The point beyond tbe^swainp may or may 
not be the P. T. Then set up two transits simultaneously at the 
stations located on fiirm ground The deflection of each chord from 
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the tan^nt<to tlie curve at the instrument point, or from the long 
chord, is a simple matter of geometry (see § 23). A rodman can • 
locate eacii point hy placing himself at points where he is simul¬ 
taneously in line for both transits; 

{Jt) Hy tfinytintial The solution of this as well as . 

the following methcKls will he indicated by the lines in the figures. 

In each case solution is an appli¬ 
cation of simple geometrical and trigo¬ 
nometrical principles. The solutions 
are somewhat .lengtfiened, although not 
essentially motlified, when the curve' 
begins or ends with a sul)chonl. In 
Fig. 10, for example 

FIk. 10. 01/ = (V -f a'h' = 40 cos 0“ 36' 

+ 100 cos (1" 12' + r 30') 

b// = // //' I //'7; := 40 sin 0” 36' -f 100 sin (l^' 12' + r 30') 
and similarly for other ])oints, 

(c) Hy middle ordimth'n. (Compute first the length of a 
long chord for ttett stations and the middle ordinate of such a chofd. 
For subchords, comjiute the long chord and middle ordinates for 
an angle t(nii‘c that subtended by the snlichord. These distances 
should bt^ laid off on the ground as indicated in the illustration. 
In'Fig. 11, 0<" is htdf the long chord for two stations and n''a 
equals the middle ordi¬ 
nate for such a long 
chord. Lay off On on 
the tangent and measure 
on t the offset a”o, Mt'as- 
ure out an’ ( - a”a) so Fig. 11. 

that is perpendicular 

to ()«', and produce Of/' to f/. Oa" — Oo/ = a'h. Thus is h located, 
and t\dn etc., will l)e located similarly. In Fig. 12, an is half the 
long chord for twice the arc 0(/, and Om is its middle ordinate. 
Compute similarly 2 y and e’Zy <aud lay off on the ground a and s. 
Convpnte, as in the regular case, cm’ and sa’ ( = a‘b)\ h is then laid 
off ae before. 




M 



RAILROAD ENGINEERING 


25 


* (fl) Sy offmtufnnn, the lony chord. The geometry involved 
is apparent from an inspei'tion of Fig, 13, in wliieh is shown the 
general case of a curve lieginning and ending with a subchord. 
All of the al)ove methods are mathematically ])erfet*t in theory, 
but when curves aix^ thus laid out without the aid of a transit the 
work is apt to l>e inaccurate unless unusual care is taken. 

2^ Obstacles toAocation. 

As in the previous a^ion, the 
problems are usually simjde ex¬ 
amples in geoinetiy and trigo¬ 
nometry, and the engineer must 
select the solution which will 
give the best result. 

(ff) Vc rt i'x i n a cecfiH I hi e. 

The tangents are frequently 
Hxed by certain conditions, and 
yet the intersection of the tan¬ 
gents is within a building or in* some })lac4^ where it is impossible 
to set up a transit. In the caw‘ shown in Fig. 14, the tangents 
are given by the points A, n and ///. Ry measuring the angles 
huY and f/^Vand the distance nh, the triangle tthX may be solved, 
and the distances (/V and ItV computed. The external angle at V is 
the sum of the angles at o and 4, and equals the total central angle 

A. llaviKg decided on the 
radius, the tangent distances 
are computed by equation 1), 
and, then the differences IV/ 
and Ka can be measured off 
and the P.C3. and the P.T, arjs 
thus obtained. As a check 
on the whole work, the curve, run in by .the usual methods, should 
end exactly at B, with the forward tangent coinciding in direc¬ 
tion with Bn. 

(f') J*oint of ewt-ve, or point of tangent^ iimocemhle. By 
making a diagram of the desired line with its obstructions, as in 
Tig. 15, the known and unknown quantities are readily determined, 
.also their geometrical relations. For example, in the illnstration 
r the position of V (on the ground) is known, as is also the distaneb 
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A V. Then 'tlie romjmted position of A is known. AsBurne some 
angle a such that 

It v«TS a - - A# *— nv == j}y 

where x is in an accessible |K)sition. 

a Then 

ftx =ss = It sin a , 

and n and // can be located on the 
ground. Then, setting np a transit at 
7^, and turning froin the line up an 
angle of a, the tangent is determined 
and the remainder of the curve can be 
run in as usual. If the P.T. is inac- 
Pjj,. i 4 _ cessible, the curve may las run in to 

some point ?>/, from which, by similar 
oilciilations and held work, the point oi is obtained, from which 
the tangent cun ho continued. 

(c) MUlilh' part of anrofi ohxtruvtvtl. The curve may l>e 
run as usual to some j)oint a (Fig. Ih) which should preferably, 
although not necessarily, h«i an even station. At // a chord nm 
may be run which w’ill clear the obstruction. The angle between 
nm and the tangent is one-half 

the angle measured by the arc • / 

mn. From equation 7, the q 

length of 'hvi may be computed • 1 / 

and then measured off, thus es- Jbl 

tablishing the point from j /4r 

which the remainder of the { \ 

carve is easily run in. As an } \ 

illustration of the elasticity of ^ *! \ j 

this general method, it might ^/ 

under some conditions be easier ^ v 

to nin the dotted curve having Fig. 15. 

the same radius as the required 

curve could then be found by tisine the same geometrical princii^es 
used in §20 

28k Numerical Examples.^ All problems have hitherto been < 
so very simple that nothing has OMu said about the details of solv. 


rs'v 


X j 


Fig. 15. 
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ing nnmerical problems. But as problems become more compli. 
cated, the greater becomes the value of a systematic meth(K] of solu¬ 
tion, which may l)e readily reviewt*d, checked and studied fi)r tlie 
discovery of a possible error. I^ogarithins should almost invariably 
be used for multiplication and division, for they are great time- 
savers. Even if the student is unaccustomed to them, it [lays to 
becom% familiar with them. Such methods will be used in the 
following solutions and the student is urged to solve all such 
problems similarly. 


1. In a case similar to that sketched in Fig. 

14, ah was 

measured as 470.25; the 

angle Yah was measurt'd as 

24" 18', and 

the angle Yba 34' 22'. 

The curve is to lie a 3 30' 

curve. Its 

radius is therefore 1037.3. A = 24 18' 4- ;J4 22' 5N ' 40'. 

('ompiito oA. and 4B. 


LoKarlMims. 

Equation 0. 

R (3 ' 30') 

3.21412 


tan-^-A = tan 20 " 20' 

0.74000 


. J = 020.04 

2.00381 

, sin 34^ 22’ 

ah ■-= 470.25 

2.07783 

fiw = ah 

sin 58" 40 

log sin 34" 22' 

0.75105 


CO- log sill 58 40' 

0.00830 


aY ^ 314.74 

Tan A V = 020. A 

2.4*3706 

- 

aX r: 005.30 


, sin 24" 18' 



o\ =z ah . iixi 

sin 58 40 

ah 470.26 

2.07783 


log sin 24" 18' 

0.01438 


CO- log sin 58" 40' 

0.0(5840 


hY = 220.45 

Tan BV = 020.04 

2.30008 





2. Example as in Fig. 15. D = 3" 20'. A = 23" 40'. It 
is estimated that at ?•, 180 feet back from V, the line np will prob¬ 
ably clear the obstruction at A; nn is the difference between 180 
And the computed tangent distance AV; R ar sin a. Then 

nt? ss s R ren a. Locate n by the offset vn, and make a 
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similar ofl^t at tj. If this line does not clear the obstruction, 
another value of a (probably greater) shonld be assinued and new 
values for Hn<l vih computed, (’oinpute the nnmerical values 
as above. 

29. Modifications of Location. Only a few of the very 
many changes which are at times required will here Ix) given. 

They are all solvable by a few pi^iiciples 
of geometry and trigonometry. The oc¬ 
casion for many such changes is the ad¬ 
justment of the inaccuracies of a “jwjwr 
location.” 

(f) Tit wove thofonvard tangent par¬ 
allel to iteelf a distance a*, the radian 
rrmaiaiag anehanged. See Fig. 17. 
Every jK)iiit of the curve is move<l par¬ 
allel to the first tangent a distancn AA' = 

o 



AA' 


DIV =r V V' --- OO'. 

' h'n 


,1' 


sill HR' sin A 


(") 


{2) To move the foi'a'aed tangent parallel to itnelf, the 
point of eat'vafare remaining anehanged. Since the central 
angle (A) is unchanged, the curve and all its parts are simply 
enlarged or reduced according to some ratio, 
as is apjiardut from Fig. IS. The known gi 

quantities are the change in the tangent sr?' y- 
{or .r"), the central angle A and the original yj ' 

radius R. 


VV' -z 


(la) 



V7a a-' 

siu/#VV' sin A ' ' ^»i 

Tlien the new tangent distance AV' = AV ~ 

-j- VV'. The triangle BwaB', lieing similar Fig. 17. 

to the trian^ AO' B', is isosceles and B?>j 
= B'w. Then the new radius- 


E'^R 4- wB= 11 + 


B'r 


B'mB 


R 


at 


versA 


(•3) 
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The modifications of this solution, when the tan^nt is moved 
toward the center, are very simple and are appartmtfrom the figure. 

(.-#) To change thtj of tho fonmtHl tamjt nt nt the. 

pohd of Tlie central angle sealed off from the jtaper 

location might have an error which 
wonld lx> lH*8t corrected by this means. 

Tliis solution is but one of a large class 
in which the central angle is modified. 

The recjuired change (a) in the central 
angle is one of the given cpiantitles. 

It, A, AV and BV are also known. 

In Fig. 10, A' =r A - a; R/? — It vers 
A; lit r.= R' vers A' 

vers A 
vers (A - a) 

Also, since A# = 11 sin A and A’m It' sifj A', we have 


It' -Tit 


(14) 



A A' A'« - A* T“ U' sin A' - It sin A (iS) 


JO. Examples* 1. (iiven a 4 20' curve w'ith a central angle 
of 18® 28'. It is n*quired to move the forward tangent parallel to 
itself 12 feet. How mncii is the change of the P.(\ (the distance 
A A'in Fig. 17) ? 



Fig. 19. 


2. (liven the same nirve as al>ove, it 
is recpiired to move the t»irig(‘nt toward the 
center 12 feet, but without changing the 
P.C. What will be the changes in the 
tangtmt distance and the radius'? 

8.' Cxiven the same curve as above, it 
is required to dhoivlnh the central angle 
by 0" 22', but retaining the same P.T. 
What w’ill lie the new radius and the change 
in the P.(\? 


COMPOUND CURVES. 

■< 31. Definitton. Compound curves consist of a succession of 
.two or more curves of different radii which have a common tan* 
gMit where tbej meet. They may he laid out by tlie same method 
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as oittifilo cttrvoa, Itiit tliere are certain georaetrieal relations exist, 
iiig Iwtweeu tlu* parts of a compound curve which greatly facili¬ 
tate the computiitious, esjaa'inlly wIkmi atiy iiiodilications are 
itMjuired. In tlie following demonstrations R, and R^ will always 
repreHcnt the smaller and larger radii re8jH*ctiv6ly, no matter 
which succeeds the other. A, and will always represent the 
corresponding central angles. Although is always larger than 

li,, Aj may or may not l)e larger than A,. is always adjacent to 

the larger radius R^ and is always larger than T,. 

32. Mutual Relations of the Parts 
of a Compound Curve of Two Branches. 
The curve is illustrated in Fig. I2(), in 
which AO and OB are the two curves 
with radii of R, and R. reBj)ectively. 
Tlmrefore hy the above definitions the 
other functions are as indicated in the 
figure. Produce the arc AC until the 
angle CO, x — A_,. Then, by similar 
triangles, the chord C.r produced must 
intersect B. Also, if xf is drawn parallel 
to (HL, it w'ill e(]ual Ht and the angle 
Then draw Av and .ik ]»erpendicular to O, a”. 




<1 

< 


W- 

T. 

\ 


\ 

\ 

\ 


\ 

.-JS 

Ri 





Fig. 2U. 


.r/l> will equal A . 

Then 

B/’ - u't vers .rfB -- (Rj R,) vers A 

AO, \er8 AO,.r — R, vers A 
Xm - AV sin XYm ~ T, sin A 
Xm = B^’ + x8 

T, sin A “ R, vers A | (R^ - Ji^) vers A, (^ 16 ) 

By drawing a few additional lines in jthe figure, it may similarly 
la^ provml that 

T, sin A — Rj vers A - (R^ - R,) vers Ai ( 17 ) 

By algebraic transformation w’c may derive from equations lOxjF 
17 the foll(»wing useful relations. The details of the derivatiilC^ 
these equation 4 is suggested as a profitable exercise for tlieflttadent^ 




•p ^ Ti sill A - R, vers A 
' vers (A ~ A,) 


.(>"9 
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_ T, Btn A vers A, - T, sin A (vefs A - rertf A^') 

’ ~ vere AVvera A, - (vers A - vers A,) (vers A - vers Aj) 

33. Modiftoations of Location. As in § 29, only h few of 
tlie moat common modifications will be*here illustrated. 

1. To move the forward tangent 
parallel to itself^ but without ehangimj 
the r^ii. From E*ig. 21 we derive 

X = Op - Oj'#' =■ (lij - R,) cos A.J - (llj 
- R,) cos A/? from which 

‘jp 

cos A./ cos A, - j 

Fig. 21 shows the tangent as having been 
moved outtrard^ in such a case the P.C.C\ 

(which means the “point of compound 
curvature”) is moved harl-ward along tlie sharjier curve. If it is 
desired to move the tangent toward the center, the rtiquired equation 
may be found by trttn8|»osing A, and A/ in equation 20. But in 
this case the 8har|>er curve must l)e extended and the ]*.G.(1 must 
Iw moved forward. 

In case the larger radius comes first, the figure is apparently 
quite different, although a little study will show that the same 
principles apply. From Fig. 22 wo derive 

;r G,V -(),/< = (R, - R.) cx>8 A.;- (R, - R.) 
cos A, from which m^o have 

cog A,' - - COB A, -f ¥r-- -T, (21) 

Jij- K, 

Fig. 22 shows the tangent as having been 
moved outwanl\ in such a case the P.C.O. 
is moved forward along the easier curve 
which is extended. As before, if the tan- 
. Fig. 22. *• gent is moved inward, transpose A, and 

A/ in equation. The P.O.O. will then l)e 
mov^d^Mkioard along the first curve. 

(2) To clutnge tlu radius of one of the ouroes without 
. changing either tangent. The requirements will bo apparent 
fnna a ‘^paperP solution. In Fig. 23 assntue that the longer 
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radius, which 'comes first, is to l>e shortened by an amount equal 
to #()j. The new center O' must lie somewhere on the arc whose 
ciuitei;^ is O, and whose radius is 0,s, It also must lie on a line 
which is parallel to A V and distant from it by R/ which is equal 
to «-r.(\r. With ()/as center, draw an arc from Q, to r/t'. 
With ()^ as cehter, draw an arc from O, to m. It may be proved 
that vmt’ is prallel to XY. Draw the line perpendicular 
to AO. 

nut — (U, - It,) vers A,; m'u' — (R/-R,) vers 4/» = ^'*'*^'* 

AA' ^O,// <>,//' -^K Ui)siu A - (R;-R,)ain A;(33) 

34. Examples. 1. A 5 30' curve with a central augl^^4)f 
16'* 23'has a tangent distance of 1800 feet from the P.C. to the 

\ertex. At the P.(\(\ the curve 
comfMMinds into *an easier curve. 
The total central.angle is 30° 18'. 
What is the radius of the easief 
curve, and w'hat is tangent dis¬ 
tance ? 

Anutrn'. The given quantities 
aie K, the radius, A,, A, and 

T,; the required quantities are R^ 
and T. Jly substituting the known 
quantities in equation 18 and then 
the computed valve of R^ in equa¬ 
tion 17, the required quantities are 
found. The otudeni should jierform this numerical work. 

2. A 2 3t)' curve 450 ft*et long nine into a 6° 30' curve 260 
feet long. It is requinnl to move the forward tangent m 6.4 feet, 
but without changing either radius. Required the change in die 
P.C\(\ ('ouutu iit. The solution evidently requires the indicated 
tuo<iiHcation of iMpiation 21. It.«hoiild lie noted that a pj^'tical 
solution always requires that the resnlthig value of the cosine shall 
be less than unit}, which means that x can never be greater tbatt. 
(Rj - R,), and also means that the sum of the cosines of tlio 



48 



RAILROAD ENGINEERING 


33 


original angle and its modified angle shall be less thau unity. The 
linear change in the P.C.C. may be found by the formula 

Linear change = (angular change in degrees) 

TT 

, X (radius of curve) X 

8.^ Assume the same curve as in example 2^ .but tlmt it is 
required to change the 2’ 30' curve to a 2’ curve without changing 
the tangents. Cotrinient, Fig. 23 may l)e made to apply by 
transposing the new and old larger radii, and their corres[K)ndiiig 
central angles. Note that when such changes are ^iiiade in e<pia< 
tion 22, the equation is unchanged. The effe(;t on equation 23 is 
merely to change the algebraic sign, which means that the P.(\CX 
is moved fn^t'lumrd instead of forwanl. 

4. Draw a figure corresponding to Fig. 28 but showing a 
change in the smaller radius II,. 

. TRANSITION CURVES. 

35. Transition Curve Systems. General Ihc. When a tmin, 
or any other mass, is in motion it requires a definite force to make 
it move in a curved path. If the two rails of a railroad <’urve arc 
level transversely, this centripetal force can only be furnished by 
the pressure of the wheel flanges against the outer rail. To avoid 
such a dangerous pressure, which M'oiild make hi^;h sjieed imprac. 
ticable, the outer rail is made higher tffSin the other. But it is 
manifestly impracticable to suddenly raise the outer rail at the 
beginning of a curve and lower it as siidd^enly at the end of the 
curve. ITiere must be a ‘‘run-oflP” of considerable length. If 
this ran-ofi were placed exclusively on the tangent, there would 
be an objectionable jar l>ecause the cars were tipped on a straight 
track where there is no compensating centrifugal 4orce. If the 
run<oif were entirely on the curve there would be a jar, Ijecause 
the^centripetal force would not bec;ome fully developed at the be¬ 
ginning of the curve; and, therefore, a transition curve is ustMi at 
the beginning and end of the curve. The transition curve is one 
whose iCte of curvature gradually increases from nothing to the rate 
ot^the central part of the curve. If the super-elevation of the outer 
rul is begun at the beginning of the transition curve and is grad- 
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nally increawd as the curvature increases so that the proper sujfjer- 
elevatiun is attained at the end of the transition curve where the 
regular curve coiriuiences, tlien the theoretical requirements are 
satisfied. But tliere is another important reason for transition 
curves. On a curve the bogie trucks of a car make an angle with 
the axis of the car. If there were an instantaneous change from 
a straight track to the full degree of curvature the change of posi¬ 
tion of the truck would need to Ije accomplished in the time 
required for its train to run the distance between the truck centers 
of a car. For a high-speed train this di.“taiK‘e owould be covered 
in less than a^ second. On a transition curve this change of 
position is accomplished gradually and without jar. The amount 
of the required super-elevation will be discussed in the following 
sections. 

Varir,tifs of CuneJt. A theoretically exact transition cui^’e is 
very complicated and its mathematical solution very difficult. 
Many sy.steins of curves have been pro})osc<l, all of which are objec¬ 
tionable for some one of tlic following reasons, as stated in a report 
by a (’ommittee of the Amerioan Railway EnginecTing Association. 
"(1) If simple ai)proximate fonnulas were used they were not 
sufficiently accurate. (2) Accurate formulas were too comi)lex. 
(If) The curve could not be exf)ressed by fonnulas. (4) Formulas 
were of the endless series elass. (.*)) (’omplex field methotls were 
rt^quirefl to make the field wtirk agree with formulas with spirals of^. 
large central angles.” The Gonunittee then developed a method 
which gives results whose accuracy is beyond that of the most care¬ 
ful field work and yet which is sufficiently simple for practical use. 
The mathematical development is too elaborate to be detailed here 
but the working fonnulas, together with a condensation of the 
Tables will be given, together with an explanation of their practical 
use and application, vVith examples. 

The general form of these c’urves, wdiatever their precise mathe¬ 
matical character, is^ shown in Fig. 24. AVB are tw'o tangents, 
joinwl by the simple circular curve ACB, having the center O. 
Assume that the entire cu^^•c is moved in the direction CO a distance 
(Ky“C(’' = BB'=AA^ At soilie point TS on the tangent, the 
spiral t)egins and joins the circular curve tangentially at SC. The , 
other spiral runs from CS to ST. The significance of these symbola 
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w 

may l)c readily remembered from the letters; T, S,«and C signify 
tangent, spiral, and circular curve; TS is the point of change from 
tangent to spiral, S(’ the point of change from spiral to curve, etc. 
At the other eiul of the circular curve, the letters are in the reverse 
order, the station numbers increasing from A to 11. The meaning 
t>f each of the various symbols u.sed is plainly indicated on the 
diagram, Fig. 24. 

The length of a spiral can only be computed on the basis of 
certain assumptions as to the desired rate of tipping the car, so as 
to avoi<l discomfort to passengers, and of c*ours(* this depends on the 
expecttnl velocity. There is 
also a limitation since tlu* 
sum of the two spiral angles 
cannot exceed the total cen¬ 
tral angle of the curve. The 
minimum lengths reconi- 
menderl are as follows: 

On curves which limit the 
spetsl: 

fi® aial over, 240 bs't 
less than (i®, Xspeed in 
' in.p.b. for elevation of S 
inches 



On curves which do not limit 
the siH*ed: 


Fig. 24. 


.»0 times elevation in inches, OR 

§Xultimate .speed in m.p.h. X elevation in inche.s 

For example. (1) 5® curve w’hich limits spee<l; speed limit 48 
m.p.h, by inter{K>lation in table, §41; 48X5^=250 feet minimum 
length. (2) 3® curve; maximum opf*rating speed 00 m.p.h.; super¬ 
elevation .62 feet = 7.44 inches; 30x7.44= 223.2 feet; Oil, iXOO 
X7.44 = 207,6 feet. Of course the higher value should be used, or 
say 300 fwt as the minimum length. While it is generally true 
that the longer transition curves ^ve easier riding, the spiral mufit 
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not reach the center point of the curve. Since it is approximately 
true that the spiral extends for equal distances, on each side of the 
original point of curve, i^' is nearly true that two spirals, each having 
the same length as the original curve, would meet at the center. 
The length of a spiral should in general be far less than the length 
of the original curve. 

36 . Symbols. Besides the symbols whose significance is clearly 
indicated in Fig. 24, the following are defined: 

a —^The angle between the tangent at the TS and the chord 
from the TS to any point on the spiral. » 

A—^I'he angle between the tangent at the TS and the chord 
from the TS to the S(^ 

h —^The angle at any point on the spiral between the tangent 
at that point and the chord from the TS. 

B—^The angle at the S(y between the chord from the TS and 
the tangent at the S(\ 

I)—^The degree of the central <*ircular curve. 

A —^The central angle of the •original circular curve, or the 
angle between the tangents. 

(f >—^The central angle of the w'hole spiral. 

01 —^The central angle of the spiral from the TS to the first 
spiral point. 

k —^The increase in the degrt*c‘ of the curve per station on the 
.spiral. 

li—^The length of the spiral expressed in feet from the TS to 
the SC. 

s —^llie length of the spiral in stations from the TS to any given 
point. 

, S— The length of the spiral expressed in stations from the TS to 

these. 

37 . Deflections. The field formulas for defiections are baaed 

on the following two equations '' 


a—lOkffi minutes 

O 

a — lOJtS^ minutes=-^0 

O 


The first deflection minutes. But k is the increase in* 
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degree of curve per station and since the degree of cdrve increases as 
the length S being expressec^ in stations. For point 1, 

since S = 10#, tfi = 10 which may be expressed as the 


degree of curve times the length of the chord in stations. For 
example, if the spiral is 400 feet long (L=s400 and S=4) and runs 
on 1o a 5® curve (D=5), one chord is 40 feet long or = .4 stations. 
Then ai=5X0.4=2 minutes of arc for the deflection for the first 
chord point. And since the deflections are as the square of the 
number of stations, the deflections from TS to succeeding stations 
will be 4, 9,16, 25, 36,49, 64,81, and 100 times 2 minutes, as shown 
in the second vertical column of Part A* of Table IV. The last 
deflection A = 100X2' = 200' = 3° 20'* J (10®) = W'hich is the 

f 

total central angle of the spiral. This result also checks the general 
ef|uation 


Since 


/.S^ ])S H/ ^1)L 
2 2 2()(KK) 200 



5X4 

o 


* 10 ® 


The deflections from any point of the spiral to any other point, 
either fora^ard or backward, may be found by ipultiplying the value 
of tti (in this case 2') by the coefficients in the prop<?r vertical column 


. ' U V 

of that table. The values of the ratios y" p* for even degrees 

1j 


and for A, 


C X 


L' 1/ 
C, Table IV. 


i • 

and j- for half degrees are given in Parts B and 
J i 


38. Insertion of a Spiral between a Tangent and a Circular 
Curve. In Fig. 25 it has been nec'essary to make the distance 
MM' about 100 times its real proportional value in order to make 
the illustration distinct. The curve AMB is a simple circular 
curve joining the two tangents, such as would be used without 
spirals. If a suitable spiral is started at a suitabfe point Q, and 
run to some point Z, such that the total central angle of the spiral, 
equals the angle ZO'N of the curve, and then the circular curve 
having a common tangent with the spiral at Z, is run to Z', from 

t 
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which a similar spiral is run to the 
tangent at Q^ such a combination of 
curves will give the desired result. It 
is nt)w necessary to compute the di¬ 
mensions required to accomplish this 
result. The intnaiuction of the spiral 
has the effect of throwing the Curve 

amount 
also re- 
dreular 

curve by 20. ZK is the y ordinate 
of the chosen spiral and QK the x 
ordinate. 

A'N = R vers 0. 
Therefore, 

A'N _//—H vers^0 


iA/away from the vertex by the an 
J\ " MM', which w'e will call rn; it al 

riVfrj duces the central angle of thg di 


„,=MM' = AA' = BIV= . , 

cos 4 A cos I A 

NA = A.A' sin -~A = (//—R vers 0) tan —A 

VQ=QK-KN+NA+AV 

= .r—R sin 0+0/—R vers 0) tan -;^--A4-R tan—A 

s=a-—R sin 0+y tan -^A+R cos 0 tan -—A ( 25 ) 

As a numerical solution of any problem will usually involve the 
determination of the value of A'N, equation 25 may be reduced 
from four terms to three as follows: Transform the equation above 
equation 25 to read 

VQ = .r4-R (tan ---A —sin 0)4-A'N tan 


1 


VM' = VM -HMM'=R exsec -^A + , , 

2 cos |A 


y Rvers0 


c*osJA 


1 


AQ=VQ—AV=*.r—R sin 04- (.V~R vers 0) tan -~A 


( 26 ) 

( 27 ) 

( 28 ) 


Exaiiq>le* It is required to join tw'o tangents w^ich 
make an angle of 28® lb' by a 6® curve terminated by suitable spirals. 
Assume a KWhord spiral 240 f^t long. Then 

^ I)L 6X240 . 


200 200 


12 ' 
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From Part C, Table IV, when ^ ^ 7.2® • 

^ = .998517 - ^(Mm7 - .998298) = .^>98430 
L 5 

X = ,998430X240 = 239.623 
^ =.040681+4 (-043581-.040681) = .041841 

ii i) 

¥ = .041841X240 = 10.042 
4 A = 14®8' 

IiogArithmn 

(Equation 24) U 2.98017 

Y 10.042 vers’7® 12' 7.89682 
_7.533 * .,0J?76^ 

A'N 2.50<'* I 0.3^) 

in = M M' = AA' = 2.587 o’ 41285 

(Equation 27) H 2.98017 

• i-.xsre yA 8.49436 

Vi\l = 29.821 ” 1.47453 

VI — 2. .587 

V]Vt' = 3274(18 


(E(juutioii 26) 


j- = 239.(i23 


nat. tan. 4 a =0.2518(/ 

nat. sin 0=0.12533 
o'.12(i47 


9.10198 
R 2.98017 


120.825 

alcove) 

0.a32 
VQ = 301.080 

(Equation 28) 

240.564 
AQ= 120.516 


2.082J5 
A'N 0.39950 

tan^A 9.40106 

AN 9 .80056 

11 “2.98017 

tan 4^ 9.40106 
^ ■ 

AV 2.38123 


ta 
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Fig. 20, 


40. Inseftion of Spirals in Old Track. An engineer fre¬ 
quently has occHsion to insert spirals in track which was not so 
laid ont. The simplest method from a iiiatheinatical standpoint 
is that given in the two previous sections. But this would involve 
moving the whole track for the entire length of the curve, and 

also, since it is apparent from Fig. 25 tliat 
the new line QZZ'Q' is shorter than the old 
line QAMBQ'jthe method will involve rail 
cutting and the boring of holes for track 
bolts. The following iilethod makes a 
slight sharpening of curvature of the mid- 
'die circular section, which at the center is 
slightly onUlile of the old track, and so 
■p crosses the old line that the lateral devi- 
j.Q ation from the old line is always very 
small and the length of the new track 
neerl not diil’er apj)reciably from that of 
the oM. The method of solution is 'indicated in Fig. 2(J. 

o'N cos ^ -f 2/ (This shows more clearly in Fig. 25.) 

(rV =()'Nsc-ci-A 

4mi 

=ir cos see -—A -\-y sec -;^A 

= R cxst'c -j-A ~R' cos 0 st‘c ~A s«!c ~ A+R' (29) 
AQ=QK-KN-}-NV-VA 

=.r-ir sin ^ 4- (R' cos <f> -i- y) tan -yA-R tan —A 

M A 

R' sin <t> + R' cos 4 , tan .lA-(R-i^) tan (30) 


The length of tlic old line from Q to Q'»2.AQ+100^-. 

The length of the new line fron^ Q to Q' * 2L+100 * 

in which L is the length of each sinnd. 


(31) 
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41. Example. Assume that a track has beea laid with a 6** 
curve for 39° 50': It is desired to insert suitable spirals without 
altering the length of the old track. Solution. Unfortunately 
there is no method of solving this pmblem so as to obtain directly 
the revised value for the radius: The new radius will always be 
about 5 per cent shorter than the old. The larger the central angle, 
the Jess will be the difference. The only method is therefore to 
assume a value for R', solve equation 30, and then compare the 
lengths of the new and old lines. If the difference is so small that 
it may be neglected, the problem is solved. If not, a slight modi¬ 
fication of the new radius, such as experience in t^}c^se c’omputations 
will suggest, will usually give on a second trial a value which is 
sufficiently close. As a first trial for the above numerical case, we 
will assume a 0° 20' curve for the new curve, arul a 240 ft. spiral 
whose <^»7° 30'. .r = 239.580 and 10.00. 


a-=239.580 

R' (0° 20') 

[.ngarithoM. 

2.9.5071 

119.709 


9.12141 

2.07812 


ir 

2.95071 


cos 7° 30' 

9.99617 


tan A 

-- 


9.5.5909 

325.009 




11 =9.55.37 



i/= 10.00 

944.77 

2.975,32 


tan V A 

t k 



9.,56909 

342.310 


2.53442 

.564.049 402.019 

462.019 

AQ=102.630 

length of the old curve from Q to Q' is 

100.^=100'^^^^'^^^ = 

1) 6 


663.889 


2AQ= 2X102.630 - 205.260 


860.149 
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The length of the new curve from Q to Q' is 




D' 


6.333 


OO 


388.947 


2L = 2 X 240 » 


480. (XX) 

868.947 868.947 
Difference in length == 0.202 


When it is considered that in that length of 8U9 feet there will 
be about 27 rail'joints and that a stretching at each joint of about 
.0075 foot will make up for this difference of length, it might not 
be necessary to cut the rails. 

To illustrate the methocl of adjustment if a more accurate 
value for II' were required; note that in tiie above case the new 
curve is too short. If R' is diminished (say from D'^O** 20' to D 
= 0® 24'), one term of equation 30 will be increased and one of them 
diminished, but the net change in the value of AQ is 3.403, which 
will decrease the length of the old curve by 6.806. But such a change 
in D' will decrease the length of the new line by 6.552. 

The revised length of the old line is, therefore, 862.343 and 
the revised length of the new line is 862.395 

The revised difference is 0.052 

The new line is now longer than the old, but the difference is insig¬ 
nificant (about one fortieth of an inch per joint). By interpolation 
D'>*6® 23' is the better value to use. 

' There is another method of introducing a spiral into old 
track W’ithout even changing the central j)art of the curve. The 
spiral runs into a curve which is sharper than the original curve 
which then *Coiii|)onnds into the old curve. The solution of this 
method consists in so choosing and lo<.*ating the spiral and the 
sharper curve that it will compound into the original curve. The 
detaffs of this method w'ill not be here given because, although it 
involves less track work at the start, it is a more complicated 
alignment to maintain and the method is inferior to Uie one pre. 
viously giveti. 
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On the basis of D'==6® 20' 

(Eiquation 29) 

11 (6“) 

LosKrithim. 

2.98017 

60.776 

1 . 

exsec ' --A 

m 

8.80356 

1.78:173 

R' »905.i:i 

• 


965.906 

R' 

2.95671 


cos 0 

9.99617 


sec 

0.02678 

054.255 


2,979(i0 

• 

• 

log.r = 

1.0253(i 


1 . 
sec -r-A 
i 

0.02678 

11.274 

1.05209 

9()5.529 965.529 



m - 0.377 foot 



Note that the maximum lateral change in the track is less 

than five 


inches. 

On many railroads where there lias been no pretense to using 
spirals the track foremen have produce<l nearly the same result in 
a rough uncertain way by throwing in the curve somewhat near 
the point of curve. This necessarily sliarjieiis the curve further 
on, and thus substantiallv the same ivmiU is obtained as is 
described above but without any calculations or any tlieoretical 
accuracy. It is only by such means that a tolerable riding track 
can be prodiU'ed when transition ciirvjes are not used. 

42. Uae of Transition Curves with Compound Curves. It 
is shown in the last few sections that the lateral deviation involved 
by the use of spirals is very small. Since coitipuind curves are 
usually employed only when the location is diiiicult, it is best to 
make the calculations as if no spirals vrere to l>e used, except that 
approximate allowances may be made for such lateral changes as 
will be required. Tlieii the changes can be computed as follows. 
Theoretically there sliould Ixj a transition curve between the two 
branches of a oomponnd curve, but when a train is already on a 
curve and the wheels are pressing against the outer rail, it will 
cause but little jar to merely increase the curvature. The iutro* 
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duction of Bucb^spiralg will not bo hero given. T)%nsition curves 
need not be used in i^nnning on to curves which are easier than 
S'* and even 4^ Tlierefore if one branch of a compound curve is 
of easy curvature, as is frequently the case, it will not be neces¬ 
sary to use a spiral at that end of 
the curve. Tlierefore two cases 
will lie developed—using spirals at 
one pud only, and at both ends. 

{ff) Spiral at one end only. 
The method of §38. may be adopted 

by substituting A, for | A in equa¬ 
tions 24 to 28. This would move 
the P.C).(\ from M to M'. But 
since the two curves in net be made 
to coincide, the sharper curve will 
Ih^ moved parallel to the tangent 
BV a distance of M'M, while the 
unchanged circular curve will Ixi moved parallel to the tangent 
AV a distance MM,. Calling MM' = ?»,, we have, Fig. 27, 



M 'M ™ M M ' 


sin (IK)' - A.^) 
sin A 


ni, . = in. -r- . * (32) 


cos Aj 
^‘sin A 


MM. 


in, 


cos A, 
’ sin A 


(33) 


It shoiikl be noted that the new P.C. is at A' and that A A' = 
MM\ while the P.T. is changed from B to Q,', which etjuals BQ,- 
QQ'. BQ, is found from equation 28 and Qi'Qi =» Mi'M4 is 
found from equation 32. 

(A) Spiral at both ends. Applying the method of §38 to 
each branch of the curve in turn by successively substituting A, 

and Aj for A, w'e will obtain values for and w-,. which will in 

general differ considerably. But as l)efore we may move each 
revised curve as shourn in Fig. 28 and as computed in equations 
84 and 36. Calling MM,' — w, and MM/ — Wj, and noting 
that the angle at M,' (see the detail) = 90'’ - A„ the angle at M,' 
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^ 90° - A] and the angle at M 3 = A, we have t}ie following: 

M/Mj = M, M/--= (/W, - /«,) (34) 

IS 1 J 8111 A ‘ * 8111 A V*'**’/ 


M.-M, = 

^ • * * Bin A 


coa A, 

(/i#, -//I3) . 

'' * * sm A 


(35) 


As in the previous case, the position of the new point of the spiral 
is found in each case from one of tlie alnive quantities and tlie 
change computed Irom equation 28. Note that in one case the 
point of spiral is moved 
nearer to, and in the other 
case further away from, 
the vertex. 

43 . Example. Given 
a 7’ 20' curve for 29° 40' 
followed by a 4° 10 ' curve 
for 25° 20*. Refjuired to 
introduce suitable spirals. 

Using equation 24 suc- 
(.•essively with the two 
sets of figures we obtain 
tn 1 = o.otXi and i/io 1.930. 

Then (ini—in 2 ) — 3.570. 

Substituting this value in 
eciuations 34 and 35 we 
obtain Mi Ms = 3.940 and 
Ma'Ma = 3.793. Using ’ FiR. 2 S. 

equation 28, calling -—A = 

25® 20', we compute AQ 2 = 120.709. But we must «/W to this an 
amount equal to Ma'Ms* 3.793, which makes AQj'= 124.502, Simi> 

larly, calling-^A=29® 40' in equation 28, we may compute BQi = 

152.444. But from this must be nvbtracted Mi'M*=3.940, which 
makes BQi'= 148.498. The actual lateral change from the original 
.pcnnt M is equal to MM 2 '-fM 2 'Ma sin A 2 = 1.9304-1.623 * 3.551$. 
The student should verify in detail all these calculations. 
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44. Field Work. When spirals form part of the original^ 
location, it is a useless refinement to locate all the chord points 
before earth work has been done. It is then sufficient to locate the 
beginning and end of each spiral with perhaps one intermediate 
point in case the spiral is very long. During the w^survey which 
immediately precedes track work, when the roadbed is graded and 
flat, the intermediate points arc readily inserted. Referring to 
Fig. 25, the point Q (or TS) w’ould ffrst be hjcated at a distance VQ 
(see equation 25) from the point Assume, as in Fig. 25, a simple 
curve, (i®, with A = il2°, and at ca<‘h en<l a spiral 21i() feet long. I)ur- 
ing the first location of the road it would be .sufficient to locate the 
end of the spiral at point Z or S(\ The deflection from the tangent 


when the instrum<’nt is at TS and is 


V2(kV li'v 206 / 


= 2'’ .4 = 2°2-l'. 


“lighting at” SC is = ^ 

• > O 

Tlie ordiuati' X (QK in Fig. 25) 


is 2.‘19.t)2Ii and the distance out from the tangent KZ = ;/= 10.042. 
The total central angle to this point (0)-7® 24'. The central 
angle left between Z and Z'- :i2'’- (2 X 7® 24') = 17'’ 12'. Set up 
the instrument at Z. 'I'lic deflection from the tangent at the point 
occupie<l when the instrument is at Z (whi(‘h is here S(’) and is 
sighting at Q or TS is B= §0 = 4° 4<S'. Setting off that deflection 
on the transit so that Avhen the in.strurnent is turned around to the 
tangent it shall rea<l 0°, the remaining central angle of 17° 12' can 
be laid off in the usual manner. Again setting up the instrument 
at Z' (which is point (\S of that spiral) the point Q' or ST is located 
with the same deflection (4° 4K') as the back sight from Z to Q. 
'Phe distance from Z' to the tangent VQ' is likewise the same as 
ZK = 10.042. 

When the intermediate points are to be hx'ated, the transit is 
set up at ami the points are locate<l by chord lengths of 24 feet 
and with deflections to the various points as given by multiplying 
fli (which =UX.24= 1.44 minutes of are) by the factors in the 
column under TS. When the circular curve ZZ' has been located 
and the transit set up at Z' and oriented so that it will read 0® when 
sighting along the tangent to the curve at Z', then (using the deflec¬ 
tion factors in the column under SC) the deflection to the point 
9,24 feetaw'ay, is 29X1.44'= 41.76'; to the next point 8 it is 56X 
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*1.44'=»80.(>4'»1® 20.04'; the points 7, 0, etc. are found similarly; 
to the pt)int of tangeiicy Q it is 2(K)Xl.44'=288'=4® 48', as given 
befort‘. Then the transit sliuuld be set up at Q' and baek-sighte<l 
on Z' with a reading of 2® 24'. If the vertex of the curve V had 
alrtiady b<Hni previously located and the field work is accurate, the 
sighting on V should be 0°. Also the rcatling on any other poixit of 
the si)iral may be aanputed froiti tlie colunin of coc'fFicients umlcr TS. 

It sometimes b<H‘omes necessary to set up the transit at some 
intermediate point of the sjiiral, as the iK>int d. With the instru¬ 
ment set up at .‘k use tlie ctM‘flieients under the coliiiuri 11 in tlie 
table, orienting the transit by a sighting at any known point with 
the transit s<*t at the given deflection for that point. Then, when 
the telescope is turned to 0®, the transit will be sighting along the 
ta?»gent to the curve at the point and the deflection to n!iy other 
ix>int, forward or backward, will be as given in tliat eolurnu by the 
coefficient limes nj. 

It may Imj noted that tlie deflections are given to fractions of a 
minute of arc, w’hich is of coursp very inucli closer than an ordinary 
tran.sit can be used. But the locution of spirals dcinaials the clos<‘..r 
work attain.dile with the ordinary fichl transit; and even though 
the transit is only gra<lnntcd to single minutes, a fraction of a minute 
can be estimateil when setting the verni<*r of a good transit ami 
therefore the prt'cise angles are giNcii so that the closest attainable 
value of the true angle may be set off. 

VERTICAL CURVES. 

45 . Reasons tor Use. Although the cliange of direction of 
motion due to a change of grade is never ns great as that of an 
ordinary horizontal curve, yet it is as mx^essary in one case as in 
the other to -join the two grade lines by a “ vertie-al curve.** As 
in the case of horizontal curves, there is nothing wliich absolutely 
determines the rate of curvature. When the grades intersect over 
a summit a coinjmratively short curve is permissible, but when 
passing through a sag the upward bend of the track acts as a 
litottl obstruction and therefore a much longer curve is necessary. 
Some roads adopt some uniforni distance, such as 200 feet each 
side of the vertex, as the length of all such carves, re^rdless of 
the change in the rate of grade. A more logical method is to 
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make the length a function of the change of grade. A very coin- 
inoii rule is to make the length 100 feet for each tenth of one per 
cent of change of grade. For example, a one per cent grade 
descending into a hollow is followed by a 1.2 per cent grade climb¬ 
ing out of it; what should Im) the length of the vertical curve at 
the sag? The ehmga of grade is the numerical sum of the grades 
or 2.2 per cent; therefore, by the above rule the leng 0 should Ife 
2,200 feet. Such a length is excessive, but such a change of grade 
is also somewhat unusual and hardly to be found where the 8 {)eed 
was high. For lower B])eed such a long vertical curve is not 
essential. 

46. Qeometrical Form of the Curve. The method of lav- 
ing out such a curve is illustrated in Fig. 20, in which the grades 
are exaggerated enormously. The curve begins and ends at equal 

distances on each side 
of the vertex 13, as at 
A and C. In the fig- 
ure join A and C; bi¬ 
sect AC at c, join 13 
Fig. 2U. and e and bisect Be at 

/t. It may be proved 
mathematically that a parabola may he jiassed through h and tan¬ 
gent to A13 and BC at A and C, and also that at ////y point, as 
the distance to the tangent («//)is profiortional to the s//n(n'e of the 
dfstance from A. Expressing this statement algebraically, we have 

- (36) 

But since, in any given case eh is a constant and (Aef is a con- 
staut, we may say for any one curve that the correction from the 
straight grade line to the curve equals a comtant times the square 
of the distance from one end of the curve. 

47 . Numerical Example.- Assume thftt the intersection of 
the grades B comes at Sta. 15 -f 40; that the grade AB is - 0.6 
per cent and the grade of BO is + 0.8 per cent. Then if we 
adopt the rule of 100 feet for each tenth per cent oflohange, the 
curve must be 1,400 feet long, must begin at Sta. 8 -f and 
extend to Sta. 22 + 40. Assume that the elevation of B is* 
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*162.50; then the elevation of A U 162.50 + (7 X 0.6) = 166.7. 
Similarly the elevation of C is computed as 168.1. ^en the ele* 
ration of e is the' mean of these two, or 157.4. is therefore 
= 4.9 and eh = 2.45. Then eh -s- (Aef « 2.45 - 4 - 490000 = 
.000005, the constant which is to be multiplied by the square of 
the distance from A to obtain the correction from the straight 
grade up to the curve. The elevations of the several stations is 
most readily calculated in a tabular form such as is given l)elow. 

A. Station 

8 -i- 40,elev. =. 3j)2.50 + (7 X 0.6) 166.70 

9 = 156.70-(0.6 X O.Tl) f- .000006 X 60» 156.36 

16 = 166.70- (1.6 X 0.6) + .0(XMH)6 X* 160» = 165.87 

11 = 150.70- (2.6 X 0.6) + .000005 X 260» = 155.48 

12 = 166.70-(3.6 X 0.6) -}- .000005 X 360" 155.19 

13 = 166.70- (4.6 X 0.6) + .000005 X 460* = 155.00 

14 = 156.70-(5.6 X 0.6) -f- .000005 X 660* = 164.91 

15 = 156.70 - ( 6.6 X 0.6) + .000005 X 660* = 164 92 

B. Statkis • 

15+ 40,elev.162.50 + 2.46 


16 

I*? 

18 

19 

20 
21 


154.95 

r--: 158.10-(6.4 X 0.8) + .000006 X 640* 155.03 

= 158.10-(6.4 X 0.8) + .000006 X 640* nu-155.24 

= 158.10-(4.4 X 0.8) + ,00(K)06 X 440* == 166.66 

= 158.10-(3.4 X 0.8) + .000005 X 340* = 156.96 

= 158.10-(2.4 X 0.8) + .000005 X 240* = 166.47 

== 158.10-(1.4 X 0.8) + .000005 X 140*^ 167.08 

= 168.10-(0.4 X 0.8) I- .000006 X 40* =r 167.89 


C. Station 

22+ 40,elev.= 152.60 + f7 X 0.8; 


= 168.10 


In special cases it may be more convenient to note that at 
one-quarter of the distance from A to R the correction is j*, of 
ehy at one-half the distance it is of eh and at three-fourths of 
the distance it is )V*of eh. 

CONSTRUCTION—EARTHWORK. 

48. iSlopes and Croas-aectiona. The construction of a road¬ 
bed of anfBcient width which is level or nearly so, implies in gen<. 
* eral cuts and lills of various depths. An essential feature of the 
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work is that the slopes shall l)e such that the banks shall not give 
way and disintegrate, filling iip the the cuts and narrowing the 
tops of the fills. Tlie rate of slope is always* indicated by a ratio 
of which the first miinber indicates the horizontal distance and the 

second the vertical. Frequently 
the second nnnil)er is made uni-' 
formly o}ie and then the firet may 
be a fraction or a coni})Oiind num¬ 
ber. The following Blo]>e ratios 
will Im) so indictated. Tlie rate of 
slope is variable, de{)ending on the 
kind of soil. When a rock cut is 
very hard and firm, a vertical 
ji’ijf. .Ml. may be iist^l, although on account 

of seams in the rock which make 
slipping jK>S8illie after tfie rock has liegun to disintegrate, the rock 
is generally taken out until the slojw will average more nearly one- 
fourth horizontal to one vertical. As the character of the material 
clianges from rock to earth, the slope ratio for cut must bo flattened 
until for good, firm, loamy soil a Blo|)e of 1:1 is projier. When first 
excavated earth will stand at a much steeper slope than this, but fho 





fjk. ;n. 


first hard minstorrn will start the disintegration which will proceed 
until the *?iloj)e bt'comes about 1:1. And as it is generally cheaper 
to make the required excavation daring the original construction, 
the proper slopes should be made then. Some kinds of earthy 
soil, such as quicksand, require even flatter slo^ies. C/ases have 
been known where a cut has not ceased to slip until it had assumed 
a elope of about 4:1. The proper slope for a fill composed of loose 
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r^k, as ft is blasted from an excavation, is about 1:1, but when 
the side hill is so steep that the slope would be very long, a much 
steeper slo|)e may lai tolerated if some care ie taken to form the 
stones of the fill into a rough dry wall. A fill of earth usually 
, requires a 8lo})e of 1.5 : 1. If the material of which the fill is 
made is exceptionally soft, 
such as would require u 
very flatslo^ie in cut, then 
a correB])ondingly flatter 
slope should l>e made with 
the fills, hut in such a :; 2 . 

case it is quite jjossihle 

that it would be j)referal)le to “waste” such* treacherous soil and 
make the All of more suitable soil, even if it hatl to be “b«»rrowed.” 
The following illustrations will show some typical cross-sections 
in various kinds of soil. 

49 . Width of Roadbed. A mistaken effort at economy 
will often be the excuse for cutting down the width of roadlted to 
such an amount that there is no room for adequate ditches in cuts, 
and the deteri'wation of the track due to lack of drainage is a very 
seiious quantity. Even fills are sometimes made so narrow that 
the inevitable washing due to (K'casioual heavy rains will endanger 
the stability of the track. A study of the standard roadlaid cross- 

section adopted by the 
principal railroads of the 
country shows that the 
(ivcrage width for an 
earthwork cut for single 
track is about 25 feet. 
This includes about four 
or five feet on each side for a ditch. For double track this width 
is increased by alKuit 13 ftnist, the usual w'idth between track centers 
for two trai^ks. The average width for the top of a single track 
fill is a little over 17 feet. Sixteen feet is alioiit the minimum 
for good construction. 

50. Constructive Details-Ditches. A well-known railroad 
engineer used to say that diUdies were more important than ballast. 

, A. lack of good ditching will ruin a roadljed in spite of the best 




61 



52 


RAILROAD ENGINEERING 


ballast, while a cotilfmratively small expenditure in ditching will 
largely coni^M^nsate on a cheap road for the lack of gtjod ballast. 
The bottom of the ditch should be from one to two feet below the 
Imttoin of the ties. The slojw of the sides should not be steeper 
than 1:1 unless in solid rock. The bottom should l)e one to two 



feet wide. Sometimes they are made V-shaped, but that shape is 
hydraulically bad and the bottom quickly fills up. Suh~<jmih\ 
The upj)or surface of the earthwork, commonly called sub-grade, 
is usually made a level plane, but it is preferable to make two 
sloping planes having a crown at the center of about six inches. 
Rolling the sub-grade \rith a road roller before placing the ballast 
has been S{)ecilied by the N. Y. Central R.R. When this is done, 
the water that runs through the ballast will more readily run off 
to the side ditches instead of soaking into the sub-soil. If the 
vegetable mould, which is usually found on the surface and which 
is the first of the excavation 
for cuts, is laid on one side 
instead of being placed at 
the bottom of the nearest fill 
and is afteTM'ard spread on 
the faces of the slopes of the 
cuts and fills, a growth of 
vegetation will quickly start 
up which will save the slopes-lrom the effects of rain washing and 
will quickly repay the slight additional expense. Even an imme¬ 
diate sodding of the slopes during construction, although it will 
add considerably to the original cost, will usnidly save much more 



RAILROAD ENGINEERING 


53 


that) its cost by a reduction of maintenance cliarges during the 
first few years. 


EARTHWORK-SURVEYS. 

, 51. Nature of the Problem. The luasa of earthwork which 

, iff removed has an exceedingly irregular form. The surveys have 
the double object of staking out the limits of the earth to 1)6 
removed and placed elsewhere and also of computing the volume 
of that earthwork. Tlie computation of any volume means the 
computation of some, geometrical form or combination of forms 
which are assumed to represent with sufiicient accuracy the actual 
volume under consideration. If an approximate result is suffi¬ 
ciently close^ some simple geometrical form, easily measured and 
easily computed, will Ije selected as representing the volume. Rut 
as greater accuracy is i-equired, the more complicated must l)e the 
form. Some of the faces of the volume are simple and determin¬ 
ate. 8e<.*tion8 are jusually taken 100 feet apart and fjerhaps closer 
if the ground is very irregular. Sjiicli sections are plane surfaces. 
The side slojies are also plane surfaces. B)it the side representing 
the surface of the earth is actually rough and irregular; usually 
it is* too irregular to la? considered a plane tiven approximately. 
The surf aw line of each end .section is consulcrcd us a brt)ken line 
H)f one or more parts, and it is generally as.sim.(Ml that plane or 
warjani surfaces connecting corresponding lines in the end sec¬ 
tions will lie sufficiently close to the at'tual surface so that the 
error involved will b«j within the desired limits. It may thus Ikj 
^ seen that the accuracy of the coipiputation de]:)cnds not only on the 
accuracy of the mere numerical work hut even more on the judg¬ 
ment used by the surveyor in so selecting the places f6r the cross- 
sections and the points of a.uy cross-section that the geometrical 
'form assumtHi to iiepresent the volume shall agree w'ith the actual 
volume of earth as closely as desired. The survey therefore con¬ 
sists first in determining at each section the points where the side 
slopes intersect the surface and then the elevation and distance 
from the center of points so chosen that straight lines joining 
these points will lie very nearly in the surface of the ground. 

52. Position of Slope Stakes. Tlie slojie stakes are set 
t|£ere the side slopes intersect the sur&ce. As seen by tlie fig- 
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lire, tbeHe intersections (le|)end on the elevation of the roadBed, 
which in*turn depends on the depth of cut or fill. In Fig. 36 it 
may readily he seen that 

., j = 4- yj) 

; (37) 

— ^ "ly-yr) 

# 



Fig. 3B. 

in \vlii(‘h K is the slope ratio of the side s1o|h*s, horizontal to verti-* 
cal. Hee • 

Similarly it is seen in Fig. 37 that 


,,<j ^ f, -I K [,l //|) 

•r, = h I .V(y 4- ,f^) 


(38) 



Fig. :J7. 

But in each of these e(|Uations, both x and y are unknown quanti¬ 
ties, and it is impracticable to depend on a strictly mathematical 
solution. Tlie simplest method is to find by trial the location of 
points which will satisfy the equufttions. An experienced man wfll 
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sometimes determine such a point in a single trial and generally 

the second trial will Ite siifhcient. As a first approximation, we 

• , * . . 1 

may note that a is at such a {K)sitioii that its .e is no -f w/. 

•Tlie added distance out to /// equals the add<Ml drop times h . As- 
» sume that in Fig. UH, <1 — 7.7, h = 20 and s i-: 1.5 : 1. The dis- 
taiice — 10 -f* (1-5 X 7.7) = 21.55. But exjHn*ieuee will 
, suggest that the requirtnl j>oint m is tthoaf S feet lower down and 
therefore about (1.5 X 8) or 12 fet»t further out. As a first trial 
with the rtnl, the rod is placed at //', ;H feet out (21.55 --} al»out 
12), wliere a rod reading of ( = lO.fi) is found. Subtracting 
X- 3.5) we have 7.1, the of that point. Substituting this 
value of ^ in the first part of e<jUHtion 37, we compute to be 
32.2. This is the jmint // in Fig. 3(5, at a distance a?" (which is 
less than f/r') from the center. This shows that even 32.2 is t(«> 
far out. Another trial is made at 30.2 feet, wlu*re the roil reading 
•is found to be 0.3, which means that the // is 0.3 - 3.5 6.8. 

which substituted in the equation gives r - 3(>.25. This checks so 
closely with 30.2, that it may Iw considered satisfactory. On 
rougli ground it is an utterly useless refinement to attempt to do 
worTc closer than the nearest tenth of a fo<it, for the abnost un¬ 
avoidable inaccuracies will often have a greater effect than a change 
• of even a tenth in such vvork. The alaive e\|)lanation is given 
in detail so as to show the method. Some such method is nec4‘H- 
sary for the inex|)erienced man, !)ut even a short ex|K*rience w'ill 
enable a man to estimate the correction to liis first trial very 
quickly and surely so that the second trial* will lat satisfactory, and 
without a detailed solution as aimve of all the work. 

In Figs. 36 and 37, the ground has Ikh'ii shown us having a 
practically uniform slope. The delerminatiiui of the slojje stake 
is not affected esst^ntially by tlie itature of the ground l)etween the 
tjenter and the slope stakes. In Fig. 42 is shown a more cotiipli- 
cated cross-section in which the elevation of each intermediate 
{K>int above the roadbed and its distance from the center must be 
measured. These are determined by setting up the level so that 
it is higher than any point in the cross-setition and noting its 
height above the stake at the center. Tliis rod reading added to 
4he given center cut d gives the height of the instrument above 
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the roadbed. This is called the H.I. Subtracting the rod read* 
ing for any point from the II.I. gives the height of that point 
aljove the roadbini. In the case of a'fill, which may be illustrated 
by turning Kig. 42 upside down, the level may be either above or 
below the road lied. This modifies the above rule somewhat, but 
the same principle applies—determine the difference of elevation 
of each point of the surface of tlie ground and the roadl)ed. 


COMPUTINQ THE VOLUME. 


' 53. Common Methods. Sometimes an approximate com¬ 
putation of the volume of the earthwork is made froin the work 
of the preliminary survey, so as to get an approximate idea of the 
amount of earthwork on a route, and therefore its cost. To do 
this, a more or less approximate measure of each cross-section is 
taken and then the distance betwi*en any two cross-sections is 
multiplied by the half-sum of the two areas. The sum of all such 
products gives the total volume. Such a method is mathematically 
inaccurate, but the approximation in the cross-sectional areas, and 
some other reasons, will probably introduce still further inac¬ 
curacies. These various methods will be described in the order of 
increasing accuracy. 

54. Level Sections. From Fig. 3S may readily l>e derived 
the tM|untioii 

Area {if i 09) 


Aq be the 


If Aj, is the area of the initial section and A„ A,, • 

areas of the succeeding and final 
sections, which are at a uniform 
distance ajmrt of /, then the total 
volume will be 

Volnine = / [A., + 2 (A, + A, 

+ A,.,) + A.] (40) 

m 

Of coarse / is usually 100. The for each section is a constant, 
and therefore the subtractive tffm is simply this constant mnltif 
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plied by the number of times the areas are used in the supnnation. 

Example. Given the center heights set down in the secnnid 
•colnmn of the tabular form* Width of roadl>ed,‘20 feet; 8 ]o|>e, 
1.5 : 1. Then d = fi.7. The remainder of the solution is evident. 


d?- — 


Sta. 

Outer 

• , 

(» ! «1) 

1 

<a f<l)* 

4*i 

i 1.4 1 

8.1 

(16.61 

4H 

1 2.ft 1 

I 9.ft 

86.49 

44 

4,ft 

11.0 

121.60 

4«i 

8.9 

16.11 1 

24ft..H6 

4H 


9.8 

96. (H 


(u r d)** 


H8.4t 
1159.7a 
181. rid 
ad5.04 
144.(M 


X 


H 



08.41 

i{K21.(K) 
TOO.OH 
144.OH 


ah 



d.7 X 20 
o. 


07 


, 1*505.01 

« X 07 500. 

1050.01 


1059 X 100 
2" X 27 


- 1001 cubic yards. 


The above methtxl invariably •gives results which are some¬ 
what too high, for the volume l>etwet^Ji two “lcv«‘l stHitions’* is less 
thaii^the length times the mean of the areas. When the areas are 
e<}ual, the errtir is zero, bnt it increases as the Htnaareoi the differ¬ 
ence of the center cuts, or fills. Rut since sections are almost 
"never truly level, the assumption that they are ) ‘vel will iisuaily 
introduce an error largely in excess of the theoretical error. Some¬ 
times the alxive method is UBtxl, aidnl imrhaps by tables, by taking 
center cuts, or fills, from a profile and assuming that the actual 
volume will be the equivalent of the voluUie compute*! as above. 
Such methcxl has its value as a means of conifiariug tw’o routes, 
but the error is apt to l>e very great. 

55. Equivalent Sections. The following metliod is some¬ 
times used when the cross-sections are irregular and especially 
when there is disinclination or inability to use a more accurate 
method. Each cross-section is plotted on cross-section |)aper. 
Then a thread {mn) is so laid that (by estimation) it eijualizea the 
spaces above and lielow it (see Fig. 39). The distaiux^s out from 
the center of the intersections of this mean line with the side slopes 
' ao 9 scaled from tlie drawing and are here called and Since 
^ is dm slope ratio, s = = mp. Then the required 
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area equals the area untop iiiinufl the triangles npa^ and the 
grade triangle,” whicdi means that 


Area = 

.rt jy 

T* 


•ri JTi 



Note the simplicity of the 
form. When a = 1:1, the 
area eqtials the mere product 
of these two side distances 
minus the constant correc¬ 
tionThe areas l)eing 

computed, the volumes are 
obtained exactly as in equa. 
tion 40. As in the previous 
section, it may readily be 
shown that the metluKl of averaging end areas does not give correct 
results except in the 8{)ecial case when the distances to the right 
(or to the left) at adjacent stations are equal, and when these dis¬ 
tances are nearly equal the error is small. As an approximate 
metluKi, it is very ra})id and good. As before, the correction is 
usually y.r., tlie computed volume is too large. 

56. Volume of a Prismold. 

Fig. 40 represents in a perspective 
view a prismoid, formed between 
two Irianglos which lie in parallel 
planes. The surfaces which join 
the corresjwuding sides of the tri¬ 
angles are, in general, warped sur¬ 
faces. It may be proved that the 
volume t»f such a prismoid equals 

one-sixth of the })er})endicular distance betw’een the parallel planes 
times the sum of the two end triangles and four times the middle 
triangle (cut by a plane parallel to the end planes and midway 
between them). This may be stated algebraically as follows: 
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Volume ]■ 4A„ H’ A,^ (* 42 ) 

It may also l>e jiroved that the formula holds ^ood regardh'ss of the 
values, relative or absolute, of /#, or h.^, Tlieiefore it holds 
good when O, and the prismoid InH'oines a wedge. It also 
bolds good when botli h.^ and become xeroand the prismoid l)ocomes 
a pyramid. Rut since the formula holds good for all these forms 
individually it holds good for them collectively, and since any 
prismoid, having bases of straight lines lying in parallel planes 
and with plane or warped surfaces connecting tlioso ends, caii be 
considered as made, up of a cx)llection of triangnla*'prismoids, 
pyramids and wedges, the formula evidently* holds for such a 
prismoid. 

If, in equation 42, A„ M’ere the mean of A, and Aj, then wt-s 
could obtain the true volume by averaging end areas. Some of 
^he exceptional cases where this is true have already been men¬ 
tioned. In general it is a comjdicuted and impracticable problem 
to compute the area of the middle*section. But it is quite possi- 
ble to compute the correction which must be a])plied to the result 
foniMi by averaging end areas, and these methods will 1 h« used in 
the following more accurate solutions. Applying equation 42 to 
Fig. 40, we have 


VoIi.m« = ',[J + 4(^ 


14, d- 4, 4, I 


2 


'')+|4,4.] 


Rut the approximate volume, computt^ by averaging end areas, is 



Subtracting the approximate volume from the true volume, we 
obtain the 

(’orreetion - Aj)(//j,-A,)] (^3) 

57. Three-Level Sections. When the ground is fairly uni¬ 
form so that it may l)e said without great inaccuracy that it slopes 
uniformly from the center to each slope stake, then the volume 
may be computed from the {) 08 itions.of these three yaiints and the 
sections are called three-level sections.” The area of such a 
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section -f If we consider two such adja- 

fW »i 

(*C‘nt sections and compute the volume by the method of averagingi 
end areas, vve will obtain as the volume 

Vol. ^ ' • 


Dividing 1)V 27 to reduc?o immediately to cubic yardrf, we have 
when / lOO, 


Vol. {<> -V «V') ir>' 

I 


26 , 
-v= tiff 

27 


(a 4- • 41 " I //•” - ~ a h (44) 


When it isnlesirecl to make the c< 
the jirismoidal (correction may be 



excavated, .\pplying e([uation 48 
have for the left side 


mputatioiL still more accurate, 
•.omputed as follows. AVe may 
compute separately the pris- 
moidal correction for each of 
the two triangular prisinoids. 
njese two prisinoids together 
include the triangular “ grade 
prismoid” under the road- 
lied, but since there is no]>ris- 
moidal correction to thegmde 
prismoid, such correction as 
may be computed applies* 
solely to the volume actually ’ 
:o the dimensions in Fig. 41, we 


Pris. Gorr. - - ~ + <^")J ~ which 

rtHluces to pj ((/' - <V') ytr" - //’i') 

For the right side, we may compute similarly 
Pris. Corr. --- “ {tV - d") (yr/' - yc^') 

For the two triangles we have 

O 


Pris. Corr. 


^ (rf' - '?■•)[«■ + <■) - K + Wr')] 

^ {.r - d") (w - «.’) 


« 
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Making I 100 and dividing by 27 to redu<5e to culuc yafds wo have 
Tris. Corr. = (//' - tJ") ( w) (45) 

ol • * ^ 


An inapection of equation 45 will show that if either the center 
cuts or the total M'idtha at two adjacent sections areerpial or nearly 
so, the prisinoidal correction is zero or is so ainall that it may l>e 
neglecttfl. This frequently enables one to decide that the pris- 
iiioidal correction will evidently be so small that it will lie useless 
to coirtpute its exact value. * It usually happens that when #/' > </", 
)r is also greater than (c". This means that the correction com¬ 
puted from equation 45 will usually Ikj which means 

that for thrtie-level sections the results computed by averaging end 
areas will usually be too large. 

A very great economy of time and accuracy result from tabu¬ 
lating all the computations in earthwork. Such work can be 
, readily reviewed to check it or to discover a siipposiHl error. An 
illustration of such a solution is given below. 

58. Numerical Example. 


SIS. ivnter.l 


lilfttil. 


oli 

M I 6 . 7 C 


64 

+ 66 


10.6 C 
16.5 C 


56 1 8.7C 


9.6jr 

26.4 
11.4j_^ 
29.1 
16.6 C 
as. 4 
19^JU 

40.5 
12 . 4 £ 
80.6' 


i.2r 
18.8 
4.2J£ 
18.3i 
7.8£_ 
•£i.7 
10 . 6 £ 
27.9 
6.8 C 
■20.7' 


Roadbed 24' wide in cut. 
Sloja) 1.5 : 1. 


25 

27 


l> 24 jj 


tf?/ = 178 


a > <1 ' 

w 

I yards. 

i 

i 

. ti» d" 

1 

, w" w> 

1 

1 nrtd. 
j rnrr. 

I 

11.1 

40.2 

' 413 

1 

1 


' 

i 

i 

14.7 ; 

i 

47.4 

i 645 

} 

702 

, -3.6 

1 


8 

1 

18.6 

59.1 

' 1018 

! 

1307 

1 

j -31.9 

+ 11.7 

-14 

2:^.6 j 

1 

68.4 

1 1488 

1897 

: 4.9 

! 

+ 9.3 

-9 

1 

16.7 ! 

i 

! 61 -i 

i 

793 

» 

674 

i+6.8 

-17.1 

13 

1 

Approx. V 

ol. —- 

4080 



-44 


Pris. corr. - —44 
True vol. ===• 4041 


Q fif 

In the above form, in tlie thinl column means that the slope 
’ 26.4 ‘ 

•stake on the leff side of Sta. 52 is 0,6 feet almve the elevation of 
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th« r()H(ibt^(! Miiiirli is liere in,cut C; also thajt it is 20.4 feet out 
from the center. 'Hiis notation is also used to indicate the posi¬ 
tion of «intermediate points,” the numerator of the fraction giv¬ 
ing the depth of cut or till ((? or E) and the denominator the 
distance from the center. The other ])uinls in the thiid and fourth' 
ctdiim'ns are to ho interpreted similarly. Column 6 is found by 
adding (=S.O) to column 2j w in each case is the siwn of the 
two denominators in the same horizontal line; 418 (in column 


07 ' 40.2. A short metli<Kl of performing tliis mul- 

i 

tipliciiti(tn will he giv<Mi later. The solution of ecjuation 44 
applitMi to this <iase.is: 



Vol. 

+ 18 ITS 

045 

.. ITS - 702. 

irly 

vm 

*15 ,. 

17,s -p 14SS - ITS) 

ami 

tut 

il.') ,. 

(14SS 

100 

ITS 

i 708 - ITS). 

8.«*» 

.8.1 

0.7 and 

i* 7.2 - 

^ 47.4 40.2. 


(- 8.0) X ( + 7.2); see equation 45. Note that in this case, the 
prism(Mliul correction is about 1 j)er cent of the total volume. 
The errors due to inaccurate cross-ac^ctioning will frequently be 
more than this. The volume 408(i cubic yards is the pccdac. vol- 
ume(lMtrriug the neglect of the fraction of a yard) of the prisiuoids 
given by the notes. Whether these prismoids actually represent 
the true volume of the earthwork deptuids entirely on the cross- 
sectioning ami is entirely out of the hands of the computer. 


50 . Computation of Products. 


25 


The products ^ nh may l)e 


written 



These products are always the combination of two 


variable terms and a constant. It thus becomes possible to con- 
struct tables which will give these prodnots for any given height 
and width. OrandaH's Earthwork Tables are computed on this 
basis. But these products* are also obtained with great ease by 
means of a slide rule, provided it is large enough to give tlie 
refptired aecuracy. Tlie 108 mark, being sd constantly in usp 
should have a, special mark so that it may 1 m found without effort> 


TO 
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As a numerical illustration, take the iirst of the above eases, i^t 
the 108 mark of the u{>[)er scale on the 111 mark on the lower 

* scale. Then look fur the ' 402 mark on the up{)er scale and note 
that it is nearly over the 413 mark on the lower scale. While it 
A |M>ssil>le to devise set rules to determine the position of the 

* decunal point, it is considered that a hasty mental solution of the 
problem .will decide the point quicker and with less chance of 

.error. For example-the product of the two variable quantities 
is always divided by l.OS, which means that the ftiial result will l>e 
a little less than the simple pnaluct of the two variables, 11 X 40 
= 440. Therefore 413 is evidently the correct result, rather than 

25 * 

41.3 or 4130. The ])roduct 8 .^ 7 / are similarly obtained since 
25 1 

04 .* and the 324 mark can ho used instead of the 103. For 

(— 3.0) X (-■'* 7.2) 

example, the slide rule shows that ^- 04 '—* " - 8 to the 

nearest cubic yard. As to the decimal point—3.0 : 3.24 is 

something more than one; therefore, the result is something more 
than 7.2. Therefore it is 8, rather than 80 or 0.8. If the student 
has .neither tables nor slide rule, the multiplication of the two 
variables (in C/oliimns 5 and 0) and the division of the products by 
, the constant 1.08, may be made so mechanical and systenialic that 
it may Ijo done (juickly and accurately although is much slow'ea 
than the slide rule method. 

60, Irregular Sections. 'I'lie' distance from the center and 
the heijdit above or below the roatlhed must l>e obtained for each 
break in the surface lietweeii the slope stakes. Then, in Fig. 42. 
by dnqipiug {lerpendiculars from each jHiint to tlie roadbed line, 
the total area is divided into a nuniU*r of trajiezoids, the sum of 
» the areas of which (less the areas of the two triangles under the 
side slops) tHpials the total area of the section. For Fig. 42, the 
area would la* stated algebraically as follows: 

Aim ™ 4 /r) (f-ff) I- J {ft f /) (f/ - /t) 4 I (M- d)/t 

4 ^ {d 4 v)j i- yC-'H; -g -g-^) 

1*1 
*" ^ (/” '0' 
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Kxpaiidiiif' this and collecting terms, of which many will cancel 
out, we have 

Area -!, [/« ^ y (^ -* *‘) + {^' “ + '2' ^ 

(/> + vr)]. (46) 

Although the above equation looks as if it applied only to the par* 
ticular case given, yet a little study of it will show that tlm terms 
follow a law so general that thfe rethiced equation for the area of 
an;/ section, no matter how complicated or how many jK>int3 it 
may have, may he written out by a literal obedience of the follow¬ 
ing rule: 

Arm i'fjttah tnie-half the earn-of prod avU obtained an follows: 



The dixtanee to meh xlojte stal e tif/ws the heUjhi above yretde 
of (he point next inside the slope stake; 

The distance to each intermediate 2 >oint in tarn tinMs the 
hi.i(jht of the poi nt just insi-de minus the height of the ptnid/ just 
outside; 


Finally^ n^^'.half the width of the roadbed times ths sum of 
the slojte stake heights. 

The above rule may be followed literally whether there are 
forty intermediate points or one, or even none. When there are 
no intermediate ]>oints the terms ior that side' reduce to one—the 
distance to tlie 8lo|)e stake times the height of the point next inside 
(which in this case*is the center). For thrad-level ground (see 
Fig. 41), we would have three tenisi; 
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Area h (Ai + /*r)» which reduces two terms 

Area =: wd + (^i + ^r)* 

The method of § 57 has the advantage that one of the tw'o 
terms for each section is constant for all sections—in the numerical 
case of § 58 it is 178 cubic yards. By the above method the two 
terms f^ each section are variable. Nevertheless, when the cross 
sections usually have one or more intermediate points and there¬ 
fore the method of ^ 00 must be us^, and an occasional section is 
found wi,th no intermediate points, it is better for the sake of uni¬ 
formity to apply the above method rigidly and thereby avoid the 
possible confusion and error that would result by the use of another 
method. Probably no time would be saved by the change of 
method. 

61. Prismoidal Correction. The above method of irregular 
sections is CA{>able of being followed to its logical conclusion, and 
a computation for volume made which is mathematically correct, 
provided that it is noted on the ground how the points of adjacent 
sections are joined, so that the warped surfaces thereby developed 
shaJl lie as closely as possible in the actual surface of the ground. 
But the very fact that the ci-oss-section is irregular imjdies that 
any longitudinal section will be correspondingly irregular, and this 
leads to the suspicion that a refinement in the C'^mputations may 
l>e overshadowed by a much larger but unknown difference between 
the volume of the assumed geometrical solid and the actual volume 
of the earthwork. In order to obtain a correction which is easily 
computed and which gives a result which is probably much nearer 
the tr<ith than no correction at all, the following method is much 
used: Consider that/*<>r the purjHjne of the oorreotym the ground 
is ** three-level ground ” and use equation 45. Numerical compu^ 
tations of volumes by both methods have shown that the differem^e 
is small, and is perhaps smaller than the probable error on the 
entire work. Hiis method will be used in the following numerical 
solution: 

62 . Numerical Example. Vidume of Earthwork in Irref^ 
•liar Qroiihd. The first tabular form gives a desirable form of 
notes for recording the field work. Note that the station numbers 
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St». 

Center 

Iieft. 

Bight. 

47 

1.2 c 

4.2 0 
16.4 




0.8 0 
il.2 

46 

4.S c 

5.1 c 
17:8’ 

6.2 0 
8“6 


2.1 c 

14 

1.6 0 
iO~ • 

+ 42 

18.6 c 

20.2 c 

40.3 " 

15.7 c 
82.4 

14.4 e 
16.8 

12.6 c 

ro .2 

9.6 0 
24.4 

46 

9.2 c 

12.3 c 
28.6 

12.7 c 
16.0 

6.8 c 

6-4 . 

9.2 c 
8.6 

7.8 C 
21.7 

44 

8.2 c 

1 

6.0 c 
19.0" 

3.5 c 
8.8" 

1 


1.8 0 
12.7 


Roadbed 20 feet wide iu cut. Hlope 1.5 :1. 


FORM FOR RBDUCINQ THB ABOVE FIELD NOTES. 


Bta. 

Width. 

Height. 

3.6 
- 2.8 
3.2 
7.8 

Yardfl. 

Center 

height. 

Total 

width. 


Vf-W! 

Approx. 

prls. 

eon. 

44 

19.0 

8.3 

12.7 
10. 

28.6 

16.0 

6.4 

21.7 
8.6 

10. 

40.3 

82.4 

16.8 

24.4 
10.2 
10. 

62 

- 22 
38 
72 

1 ^ 

- 81 
- 21 

185 
11 

186 

• 

8.2 

31.7 




46 

12.7 
- 6.6 
- 3.6 
9.2 
1.4 
20.1 

766 

9.2 

60.2 

- 6.0 

418.5 

- 84 

+ 42 

16.7 
- 6.8 
- 2.1 

12.5 

4.0 

29.8 

685 

- 174 

- 83 
282 

88 

276 

667 

13.6 

♦ 

64.7 

- 4.4 

■1 

414.6 

- 20 


17.6 

6.2 

101 


4.8 

80.0 

4-9.8 

-84.7 

- lOO 


8.5 

- 0.8 

- 6 







46 

12.4<' 

2.1 

24 








8.4 

2.7 

8 








10. 

6.7 

62 

676 







16.4 

1.2 

18 


1.2 

27.6 

4«.l 

>2.4 

- 2 

47 

11.2 

1.2 

12 








10. 

5.0 

46 

265 







Appiox. volume =: 2572 ^ 166 

“ pr. OOIT. =a -1S6 
Coneeted volume s 221# eublo yeida. 
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ran up the page. By this method the “ fractions ** which show 
. the hei^t and distance out of each point are recorded in their 
approximate relative position when the note book is held looking 
ahead along the line. 

It should b^ noted in this case that the prismoidal correction 
is a large percentage of the total volume. In the case of a pyra< 
mid, itte correction is one-third of the nominal volume, which 
means that it is 50 per cent of the true volume. The fore^ing 
ndmerical case gives the notes for an embankment crossing a 
gully, aod in such cases especially the prismoidal correction is 
always large and should not be neglected. 

63. Side-hill Work. A r^ frequently runs along the 
slope of a hill so that it is necessary to have both cut and fill in 
the same section. The profile at such a place will indicate little 
or no earthwork, but if the natural slope ia steep and the roadbed 

' wide the amount of earthwork may be considerable. ‘Although it 
ia possible to apply the general rule of § 00 to such cases, it ^ 
usually simpler to compute the area in each case independent of 
the rule, especially when the section forms a mere triangle. The 
ar&s of cut and fill must be calculated independently. When a 
section of cut or fill is found at one station and is not found at 
the next, accuracy requires a knowledge of the place where the 
cut or fill *‘runs out’’. That small volume must then be consid¬ 
ered a pyramid with a given base and height.' In general the end 
of every cut or fill implies the existence, at least for a short dis¬ 
tance, of side-hill work. Although the volilmes are usually small, 
yet since &ey are frequently of pyramidal form, the prismoidal 
correction is usually a lai^ percentage of the volume and hence 
should not be neglected. The rule of §61 can generally be' 
applied. 

64 . Bmtow IHta. This name is applied to places from 
which earth is taken to make an embankment when there is insuf¬ 
ficient excavated material in the neighborhood or when the mate¬ 
rial is unsuitable for embankments. Such volumes must *be 
measured up and paid for die same m other excavation. Some- 
dmM the form of die excavation is litemUy diat of a rectangular 

^ jpit, in wl^ case die simple prodnot of the three dimensions 
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gives the vasliime. But usually it is required to slope the sides; 
sometimes the material is obtained by widening a cut, as in Fig, 
44. If the borrow pit is very large, several cross-sections should 
be taken at snfhciently close intervals. If the prismoids into 

which the total volume is"' 



divided liave substantially 
equal liases, the prismoid- 
al correction will be small 


and may l>e neglected, but 
if the*forms are pyramidal 
the correction should be 


computed It may be- 


Fijc. 4a. 


come 


the total volume as made 


up of tt’iangular prismoids and compute the prismoidal correction 
for each one 8e|)arately. 

65 . Correction for Curvature. The volume of a solid, gen¬ 
erated by revolving a plane area about an axis lying in the plane 
but outside of the area, etjuals the product of the given area times 
the length of the jiath of the center of gravity of the area. When 
the centers of gravity of the cross-sections lie in the center of the 
road, where the length of the road is measured, no correction is 
necessary. If all the cross-sections were the same and therefore 


}»ad the same eccentricity, the total volume could he computed by 
the aliove rule. But in general both the areas and the eccentrici¬ 


ties vary from point to point, 
and then a theoretically exact 
solution would be impracticable 
for ordinary work if not impos¬ 
sible. But a sufficiently prac¬ 
tical rule can,be develop^ as 
follows: Assume a curved pris- 
moid, of uniform cross-sections 



Pig. 44. 


^and therefore of uniform eccentricity. Call that eccentricity 
T^t B be the radius of the center Use of the road. Then the length 
of the path of the center of gravity is to the length measured on 
the center line as R ± « : R. Therefore we Imve 

FVms volmiie : nominal : : R i e : R 
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m 


Therefore the true volume of the prisnioid 


7A 


Thin 


Bhows that tlie effect of curvature is the same as increasing or 
diminishing the area by an amount which depends on the area and 
*the eccentricity and that the increased or diminished area may be 

found by multiplying the actual area by the ratio This 

being independent iof the value of /, it is true for infinitesimal 
lengths. If the eccentricity is assumed to vary uniformly Iwtvreen 
two sections, the area of a cross-section located midway 

II 1 A (C' 4* m. 

between the two end areas would l>e A„ •“ ® \ There- 

• Iv 

fore the volume of a solid which, when straight, would lai f 

(A' -f 4A„ -f- A") would then become 
True volume = 

eg[A'(KjL.'l -f 4A„[U.. ^ ,")1 I A"(ri I f“)] 

Subtracting the nominal volume, which is the true volume 
when the prismoid is* straight, we have the correction for curva¬ 
ture as follows 

Correction — + f2A f A") c"j| 


As ill the case of the prismoidal formula, the use of this 
equation implies a knowledge of the middle area. Tliis correction 
is always a small proportion of the total volume and is frequently 
insignificant. Therefore no appreciable error is involved in mak¬ 
ing the equation read 

Ourv. corr. = gll ^ 

fi6. Bocentiicity of the Center of Gravity. T?ie valve 
The determination of the center of gravity of a complicated irreg¬ 
ular cross-section would be a long and tedious problem and is 
{Mnotkally unnecessary. For the purpose of this c(H*reetion it is 
sufficiently accurate to consider all sections as three-level segtions, 
except in side-hill work, where they should usually be considefed 
•at triangles. , In Fig, 46, the eccentricity of the center of gmirity 
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of the whole section, including the grade triangle, inaj be oom- 
pnted as follows: 

[a -f <7) .rj ./‘i 4- fh a'r 

2 _*3 _2_3 _ 1 (ah» -- 1 ^ 

^ (a -f- ^y) . (« 4- (a^ 4" ^r) 8 . 

-5—+-2“— (48) 

m % ^ 

Substituting this value of f in equation 47, we have 
. Curv. corr. =* - a*,’) 4- A" (ox" - a*,") J 

But the approximate volume of a prismoid may be written 

Tol. =. 2 - (A' + = 4 - A' + 

in which V' and V" represent the nuinl>er of cubic yards corre* 
spondiiig to the area at each station. Substituting these values in 
the above equation, we have 

Gurv. corr. in cu. yd. — V' (a?x' - 4" V" (a^" - a’r’oj 

The value of /, found in equation 48, is the eccentricity of the 

whole area, including the grade triangle 
under the roadbed. The eccentricity of 
the true area is greater than this and 
etpials 

. true area 4- 4 

= e X - 1 -—— 

true area 

The required quantity (the A' e* of eqoa* 
tion 47) equals true area X ^1 which 

equals {inn area + ~2’ ah) X c. The value of e (given in equa¬ 
tion 48) is a remarkably simple term, while the value of e, is very 
complicated and difficult to compute. But since we may obtain the 
true corrective value by using e and at the same time adding the 
yardage corresponding to the grade triangle to the yardage eor* 
responding to each area, it is best to do it in this way. 

For any one curve the corrective terms are all divided by the 
^pianti^ 8K If j^blea are not at hand, it axnj^y accurate to* 
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compute tljat R = hi which D is the degree of the cnrre. 
£ven eqaation 49 may be simplified somewhat in actual nse* The 
correction at each station has the form - . 8R is usually 


• a large quantity; for a 4° curve it is 4298. (ajj - oj,) is relatively 
very small. Their ratio times V is never a very hrge quantity, 
and it is frequently less than unity, when, of course, it should be 
ignored. An approximate solution will generally show that the 
product V (^i - is roughly twice or thi-ee times SR, or is per- 
haps less than one .half 3R, and then the corrective term for that 
station may be written 3, 2, or 0 cubic yards, the fraction being 
ignored. It is only when the curvature is excessively sharp and 
the eccentricity very great that the curvature correction becomes a 
large percentage of the volume. 

The algebraic sign of the correction is most surely and easily 
noted from a consideration of the direction of the curvature and 
Dn which side the earthwork predominates. If the center ol 
gravity is evidently toward the inaide of the curve the true vol¬ 
ume is evidently leas than the nominal volume and the correction 
should be negative. When the curve turns to the rigfUy nse the 
form (a?i - when it turns to the left^ use the form (aj^ - 
The algebraic sign of the correction will then be strictly in accord¬ 
ance with its true value. 

67. Numertoal Example. Assume thnt the earthwork com- 
puted in § 58 is located on a 10'’ curve to the left. How much 
will be the curvature correction ? f^pyipg from the* solution in 
§ 68 the necessary data we have at once the first four columns of 
the tabular form. Usually the last three columns will be merely 
added to the form given in § 58. Since the curve is to the left, 
we use the form (a?, - ar,). 3R -ss 3 X 573 = 1719. 


Utatloii. 

*l 


Yurdii. 

*r-<^ 

4 

-iK 

Owrv. 

oorr. 

62 

26.4 

13.8 

413 

-12.6 

- 8 


58 

S9.1 

18.3 

645 

-10.8 

- 4 

- 7 

M 

86.4 

28.7 

1018 

4 -11.7 

- 7 

-11 

4*85 


27.8 

1488 

-12.6 

-!•' 

-17 

/ . w 


26.7 

7S8 

- 9.8 

- 5 

— 8 


.- ■ ■ . * II .- 

T6tal corv. oiaa^ w <-48 yatd^ 
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The net volume of the mass under conaideration is thus reduced 
to 8,91)8 ca*bic yards. A 10° curve is rather unusual. Since the 
correction varies directly as the degree of the curve, if the above 
curve were a 4® curve the correction would be only 0.4 X 43 = 17 
cubic yards. 

68 . Eccentricity of the Center of Gravity of a Side-hill 
Section. It will generally be sufficiently accurate to consider, for 

this purpose,* that all side-hill 
sections are triangular. The 
center of gravity of a triangle 
lies on a line joining the vertex 
and the middle of its base, and 
at one.third of the length of 
this line from the base. The 
eccentricity is therefore equal 
the distance frotn the center to 
the middle of the base of the 
triangle plus one-third of the 
base of the triangle plus one-third of the horizontal projection 
of that line. Applying this rnle to Fig. 40, we have 



e 




h 

4 


, a>| 
3 


12 ^ 6 


i 4- "*1 
8 


T 




( 50 ) 


It should be noted that the grade triangle is not considered in the 
above solution therefore the volume of the grade prism should 
not be considered in applying Eq. 49. In three-level ground the 
curvature correction will be zero when a*| « but in side-hill 
irork the curvature correction is never aero and it may be a large 
pri^rtion of the total volume. * 

In ease the triangle lies wholly on one side of the center, it 
may be similarly shown that the equation may be written 
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This equation inay be derived directly from equation 50 by con* 
sidering that when both points are on the same side of the center, 
the algebraic sign should be changed. These various cases may 
be generalized by saying that when the triangle lies on both sides 


of the center, e is always numerically equal to + (<Pi - »r)] 


in which the form should be (ari - a*,) or (a*, - Xi) according to 
the criterion used in § 00. When the triangle is on one side only 

+ the numerical gum of the tw6 distances out 




algebraic sign should be determined as in §66. 


CONSTRUCTIVE EARTHWORK. 


<M). Methods of Excavating. Economical excavating depends 
largely on the distance to be hauled as well as on the character of 
the soil. Side<hill work is usually done by mere shoveling, the 
earth being loosened by picks or plows. When the distance ^t 
the earth must be moved becomes greater, wheelbarrows or drag 
scrapers become economical. Wheeled scrapers, two-wheeled carts, 
four-wheeled wagons, small cars drawn by horsi-s, and heavier cars 
drawn in a train load by locomotives successively become more 
economical as the distance increases. As the magnitude of the 
work increases, thereby justifying an increase in the cost of the 
plant nsed, economy in the cost of loosening aiid loading is ob* 
tained by using a steam-shovel instead of picks and plows. When 
cuts are very deep, they are best excavated in benches” whose 
height will depend on the method of loosening and loading. 

TO. Blasting is employed not only for hard* rock 

which can only be removed by such methods, but also as a means 
ior rapidly looeening shale and even frozen earUi. The explosives 
used vary in their oom|jb8ition from a high grade detonating ex.- 
plosive, Budi as Ko. 1 dynamite which eonststa oi 75 'per cent 
nitro-glycerine, to black powder which is, eompai^tively, ** slow 
‘burning.** these ejitremes there are a great multitude 

* of explosive oomppuids, which consist of varying proportions d 
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explosives df tUt» two ty^ies. Tt has been demonstrated that a slow 
burning explosive is inatle to “detonate ” if it is exploded by means 
of a suibcient volume of a detonating explosive, which means that 
a mixture of the two kinds has a greater explosive force than the, 
sum of the constituents exploded separately. The choice of ex* - 
plosive depends on the character of the rock. A hard brittle rock 
requires a detonating explosive which shall shatter it. A Soft and 
tough rock is best loosened by a powder which acts more slowly. 
If dynamite is exploded in a soft clay rock the hole will be blown 
out, but the great mass of the rock is not disturbed. When the 
center of the mass of j)owder is 4 feet from the nearest surface, 
about 2 pounds of black powder (or about | of a pound of dyna¬ 
mite) should be used. The amount should vary as the eahe of the 
“line of least resistance,” /.c., if the center of the blast is 10 feet 
from the nearest surface the amount would be determined by the 
proportion a? : 2 :: 10* : 4®, or a* = 31 })ounds. In this case, since 
dynamite is about six times as powerful as black* pow'der, a little 
over 5 })Ound8 of No. 1 dynamite would do as well. The “line of 
least resistance” may not,be the “ nearest line to the surface” on 
account of seams in the rock which modify its resisting power, but 
the alrave rule is about as near a fixed rule as can be stated. For 


0 })en work, esjHJcially when time is not a very important matter, it 
is cheaper to use black povrder, but in tunnel headings where the 
progress of the work is limited by the progit^ss of the drillers it is 
economical to use dynamite although it is more expensive. 

Pnlling. Hand drilling when the holes are vertical is best 
accomplishtHl with “ churn drills,” which are heavy bars of iron 
sliod with a steel drill, which are raised and dropped, the impact 
doing the cutting, the drill being slightly turned after each stroke. 
From five to fifteen feet of holes, depending on the character of 
the rock, is considered a fair day^s work of ten hours. Oblique* 


or liorixontal holes must be drilled with light drills of *<oue- 
man ” type or the “ two-man ” type. The one-man drill is worked 
^tiroly by one man with a light one-hand faiipimer. Wi^ the 


othegr method, ohe man holds tbe’drill,\whidb ^lBperhape a1ittle 
heavier knd which is struck by aoo^er t#o, 

using adl^vy hammer. It has been l(mi£^B|M|»ii;^t-iifumner 
method us more economical for iMpESp^^eavydsamm^ 
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tnetbod more economical for liard rocks, but that the lieht-haminer 
method is always quicker and is to be preferred wnen limited 
space and time are matters of importance. Hachine drilling is a 
specialty which can only have a very brief general discussion here, 
'Where the magnitude of the work will justify it, it is alu'ays more 
economical ])ei foot of hole drilled. The plant is expensive both 
in first^eost and maintenance; part of .the exjiense is nearly 
constant regardless of the nnmber of holes borfHi. and so it is only 
when the work is extensive that the method is advanta^ons, but 
under favorable cirpumstimces the economy is very marktH.1. For 
open-pit work Individual drills are used, but for tunnel headings 
several drills are mounted on a “carriage” from which, after it is 
set, several holes may lie drilled siinultaneonsly. (''ompressed air 
is used to run the drills in tunnel work. This serves the addi* 
tional purpose of furnishing a supply of pure cold air at tlie place 
where it is most needed. 

Tam]>h)g. It has been found that air spaces annind the 
explosive cause a very material reduction in the force of theexplo* 
sioii, therefore it Is necessaiy' to ram the explosive into a solid 
mass and then pack the top of the hole. Iron bars should never 
be*used for tamping. Chopper bars are sometimes used for ram¬ 
ming powder, but dynamite is most safely rammed with wooden 
Imrs. Clay is the best tain])ing material where it is available, but 
sand or finely powdered r<x.*k will servo ver^ veil. It has been 
found that when blasting under water the weight of the superin¬ 
cumbent water is sufficient tamping. 

Exploding. On small-scale work, the blasts are generally 
exploded by means of a powder fuse, wliich is essentially a cord 
which forms the matrix for a train of powder, the cord lieing 
farther protected by a wrapping of some sort. The better plan, 
and the one which is used almost exclusively for exteusive work, is 
to explode a large number of holes simultaneously by means of 
electricity. A “cap” containing a, small charge of fulminate of 
mercury, an expensive but very powerful •explmive, is set in the 
midst of the larg^ mass of explosive. An electric cnrrent from 
a field battery is' sent through each cap. As the cnrrent passes 
throng Mch * snmll platinum wire to redans or Oise 

^'causes a spar^tjjUjj^^ across a short gap in the wire. eitiMc 
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case the fulminate is exploded, which in tnrn explodes the maia 
charge. 

Cod. The cost of blasting is so exceedingly variable, depend¬ 
ing on the nature of the roctk, depth of the cutting, and especiidly 
on the niagnitude of the work and the methods employed, that 
only the most approximate estimates can be here given. Under 
the most favorable circumstances, deep cutting, machine methods, 
and a rock which is brittle but not too tough, the cost may fall as 
low as 25 cents ])er cubic yard, while with hand drilling, hard and 
tough rock, in a shallow cut, the cost might easily rise to $1 per 
cubic yard. It would indicate exceptionally unfavorable circum¬ 
stances, bad management, or possibly an excessive price for com¬ 
mon labor, if the cost should rise above this figure. 

71. Formation of Embankments. Exprience has shown 
that when earth is excavated and piled in embankments its vol¬ 
ume will at first be more than the original measured volume but 
that it will filially sbrink to about 90 |)er cent of its original 
volume. The jiercentage of shrinkage is a very uncertain quan¬ 
tity, as it de|>cM)dB ou the kind of eartli, on the method employed 
in forming tlie embankment and on the time elapseii between 
construction and the measurement of what is snpjiosed to be the 
settled volume. Material diim|)ed from a trestle w’ill hrst have a 
volume considerably in excess of its final volume and it will take 
several months and even years to sliriiik to its filial volume. On 
the otlier hand, if an embankment is formed iii very thin layers, 
each of which is packed down by the process of unloading the 
succeeding layer, there will be but little shrinkage after the 
umliankmeut is hnlshed, but more material than the volume as 
measured in the cut will be required to form that volume of 
embaukmeut. Broken rock, formed into an embankment, will 
have a volume iibout 80 percent greater than the mass of’solid 
rook from which it is taken. 

It is frei]|UentIy specified that embankments are to be made 
^ to a somewhat higher elevation than the plan of the road calls for, 
so that expected shrink^ wip reduce the embankment to the 
desired level. Since the contractor is paid by the cubic yards of 
.. material ejeeamted and is required to dispose^f excavat^ mate¬ 
rial as required, it is generally spb^iiied thMlm amount of tins 
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nroesB of height of embankments is left to the discretion of the 
enj^neer who decides the question during the progr^l of the work 
and after he has had an opportunity to judge of the material after 
exeavatioh is under way. When embankments are placed on side. 
f hills, the surface should be first plowed or have trenches dug 
along the slope so that the embankment shall not slip down the 
hill. A ditch dug at the base of each slope will drain the sub* 
soil an^ may prevent a dangerous and costly disintegration of the 
embankment. Thickening tlie layers of an embankment on the 
outside somewhat so that the layers will be concave upward may 
also present sliding of the layers on each other. When the plans 
call for a very long and high embankment, it is sometimes best 
to construct first a trestle and operate the road over it. The 
trestle should have a life of at least five or six years, and during 
that time material can be brought from some excavation, perhaps 
several miles away, where it was perhaps loaded with a steam 
shovel, hauled by the train load, dumped with an unloader,’* 
and allowed all the required time to settle, the whole being done 
for a cost per yard far less than it would have cost during the 
original construction. Tlie method has the added advantage of 
permitting the road to lie quickly opened for trafhc and permitting 
it to quickly on an earning basis, for such a trestle can be 
bnilt more qnickly tlian a very high embankment. 

72. Classificatioii of Earthwork* One of the most fruitful 
sources of legal contention between a contract(*r and his employer 
is the classification of excavated material when the work is paid 
for according to the classification of the material excavated. It is 
not only true that there is an insensible 'gradation from the softest 
of earth to the hardest of rock, but a material which is very hard 
when first exposed will sometimes crumble up after a very short 
exposure to the atmosphere. It is even true that some kinds of 
rock which are very soft when first taken out harden after exposure 
to the air, but this'class of phenomena never has any influence on 
mere blasting for excavation. To avoid these dispntes, some rail' 
roads require their contractors to satisfy themselves as to the char¬ 
acter of the material to be excavated and then to make a single bid 
per yard which shall include whatever material is encountered, 
all its advaolsges, this throws all the uncertainty on the com* 
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tractor, and nnless tbe competition is very great ‘and the bidding 
close the contractor will nsnallj add so much to cover that nnoer* 
taintj that the railroad will pay more than it would on a classified 
basis. 

The classification is usually made threefold—(1) solid rock, (2) 
loose rock, including shale and hard-pan, and (3) earth. Solid rock 
includes only such material as cannot 1^ removed except by blasting, 
when it is found in masses exceeding one cubic yard. Loo^e rock 
includes boulders which are more than one cubic foot in volume 
and less than one cubic yard; also stratified rock occurring in 
layers of not more than six inches, when they are separated by 
strata of clay; also all material (not classified as earth) which ran 
be loosened with a pick and bar and which ** ran be quarried with- 
out blasting although blasting may occasionally be resorted to.'* 

** Earth includes all material not considered above—boulders not 
over one cubic foot in volume, all clay, sand, gravel, loam, decom¬ 
posed rock and slate, and all materials which can l>e loosened for 
loading by a plow with two horses, or such as one picker can 
keep one shoveler busy. A brief consideration of the almve classi¬ 
fication, which is compiled from the best authorities available, 
shows the infinite opportunities for dispute as to classification. 

TUNNELS — SURVEYING. 

73 . Character of Surveying, There are few kinds of sur- 
v^ying for engineering work where accuracy is of such high finan¬ 
cial value and where it is so difficult to accomplish as it is in 
tunnel work. By the very nature of the case a tunnel is usuaUy 
located in a region where it is very rough and all the surface sur¬ 
veys must be made on very steep slopes where accurate measure¬ 
ments are exceedingly difficult. Die surveys in the tunnel itself 
are made in cramped quarters where light is artificial and the 
atmosphere is pbrhaps smoky. The difficulties will be elaborated 
as the methods for obviating them are discussed. Tunnels are 
generally excavated from each end. A very small error at either 
• end will accumulate, especially if the tunnel is very long, dntil 
when the two headings meet &ere may be an offset which might 
iotually necessitate a small reversed curve in the alignment. 
Therein only the most refined m|)|uBurem«its lor diaUmce, ^ ' 
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moBfe refined leveling between the ends of the tannel^g and the 
repeated measoreinents of all horianntal angles or the most precise 
pi^ngation of lines are to be used. All such work should be 
r^>eat^ and checked until the probable error of the work js so 
small that such error as may remain has no financial importance. 
The cost of such refined woih is amply justified, because the lack of 
it may aesult in an error whose financial value might be very great. 

74 . Surface Surveys. The relative position of the two ends 
of the tunnel is first determined, t.s., the azimuth and length of a 
line joining the two ends and the relative elevation. Usually a 
line is run on the surface which will be at every point exactly 
over the center line of the tunnel. When the tunnel is perfectly 
straight throughout, this is comparatively easy. Any curvature 
in the tunnel complicates the surveying greatly. A permanent 
station, from which a long sight can be run into the tunnel, is 
placed at each end. Then intermediate permanent stations are set 
so that adjacent stations are intervisible. These stations are first 
set approximately on line and then by repeated adjustments they 
are all set exactly on line. Any intermediate shaft can then be 
looted from the adjacent stetions. 

Dtatance. The distance is sometimes determined, as in geo¬ 
detic surveying, by triangulation and the measurement of a base line. 
Some of the great Alpine tunnels have be^ measured in this way. 
But for simpler work a direct measurement is made with a tape. 
Since the slopes are usually very steep, it becomes impracticable 
to hold any very great length of the tape truly horizontal. It is 
then also necess&ry to plumb down from, the down-hill end of the 
tape to the ground. This is troublesome and also introduces an 
element of inaccuracy. And therefore **slope measurements” are 
often made, measuring the slope distance between carefully marked 
points and at the same time determining the difference of elevation. 
A simple geometrical calculation then determines the true hori- 
aontal distance. These marks may consist of needles set in woodoi 
plugs supported on ordinaiy curving tripods. 

Levels. The above method indndes the leveling. But If 
the ordinary method of ievdihg is used, especial care mnst be 
.ta^n, since the slopes are very steep and the vertieal distaness to 
be overcome very gi^ 
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75. Underground Surveys. Station marks, corresponding 
to the stakes of ordinary surveys, cannot nsnally be placed in the 
bottom of the tunnel since they would be very quickly disturbed 
or covered over with debris. If the tunnel is timbered, the 
iest method is to place the marks on the timbwing, but this should. 
not be done unless the timbering is very firmly in place and is not 
liable to be shifted. The better plan is to drill a hole in th6 roof of 
tlie tunnel, insert a wooden plug, and then set in the wood a small 
hook or nail which marks the exact point. Occasionally such 
marks are placed on the side of the tunnel, tl^hen placed in the 
roof there is the advantage that a plumb line, which must be illu* 
minated by a Ian tern,* may be swung from the hook or nail. A still 
better device is a plumb bob hung by a pair of cords attached to 
a *‘gimbel joint’’ on the bob. The bob has a little reservoir for 
oil and a wick exactly in the center which will furni^ a flame 
which may be seen as far as necessary and which may be bisected 
by the cross hairs of the transit with great accuracy. Such 
sights” can be reproduced whenever desired with great confidence 
that there is no appreciable variation. When a mere plumb line 
is used to sight at, it must be illuminated by some sort of lantern. 
This may be done by using a lantern with a ground glass which is* 
placed behind the line, which is seefi by its contrast *against the 
illuminated background. If an ordinary lantern is used, it should 
be placed nearly in front of the line and pointing away from the 
transit, so that, without being seen from the transit, it illuminates 
the face of the line which then shows light against the darkness of 
the tunnel. 

The leveling must, of course, be done with the level rod in¬ 
verted BO as to obtain the distance from the station point doton to 
the line of sight; Of course this makes a corrmponding differenoo 
in the calculations which must be carefully watched to avoid a 
. blunder due to this change. This may be avoided by always plae-' 
4Dg a minus sign before any rod readings so taken, and then ltd- 
lowing the old rule of alg^raiocdly adding backsights and snb- 
t^ting foresights and intermediate sights. Yarious devices are 
'^' required to meet special conditions which test the inventive inge- < 
Ditity of tl» engine^. 
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76* Surveying E>owfi Shafts. In tli« cHse of vei^ long tun¬ 
nels it sometimes seems advisable to sink shafts at one or more 
points on the line of the tunneh and when they have been sunk to 
^e required depth, proceed to dig out the tunnel in each direction. 
.For such work it berames necessary to determine, at the bottom of 
the shaft, elevation, distance and alignment. If the shaft is ver¬ 
tical, a^is usually but not always the case, the elevations are most 
readily carried down the shaft by means of a steel ta])e by methods 
which are obvious. Distance, which means in this case the longi¬ 
tudinal position in the alignment of the road of any given point, 
is readily transferred from the surface to the level of the tunnel 
by a very obvious application of the results of the next process to 
be described. Transferring the alignment with accuracy requires 
the utmost care and ingenuity. In principle it is very simple. 
Tw’o heavy plumb bobs are hung on steel wires which are long 
enough to reach from the surface to the tunnel. At the surface 
they are placed on a line. Theoretically they should be on a line 
at the level of the tunnel. If a transit is so placed in the tunnel 
that its line of collimation passes simultaneously through Imth 
Wirgs, It is in the line of the tunnel. Such is the simple outline; 
spine of the difficulties areas follows: 

Although the wires ara set as far apart as possible along the 
line of the tunnel, the distance is absolutely ]itiii.<d by the size of 
the shaft. Any minute error in the location of these lines (say 
eight feet apart) will l>e greatly magnified when the headings are 
run out 0,000 or 7,000 feet in each direction from the base of the 
idiaft, as wras done in the case of the Iloosac tunnel. The currents 
of air up a tnnnel shaft have considerable effect in swaying the 
wire from a true vertical. In the case of the Tamarack shaft, 
4,250 feet deep, the wires were 0.11 foot farther apart at the bot¬ 
tom than at the top.* The discrepancy in tfuzt direction had no 
effect on the alignmebt, bat if the wires had an error whose com¬ 
bined effect in that direction was 0.11 foot, the lateral error while 
unknown was perhaps as much or more. The uncertainty VM 
therefore in that case very great. Incasing such wires for the 
whole distance in a box rednces the effect of air currents. 
phtm^ bobs are swung In pails of water or oil at the bottom au4 
ifsir locations note<i*8 oaiefally as possible, taking the mean po^ 
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tio» of the Vibrations which cannot be altogether ove^me. Harki 
are then set at the lK>ttotii of the shaft (but in the roof of the 
tunnel) from which plumb lines can be hung. A transit can then 
be set by trial so that its line of collimation simultaneously passes 
through both wires. 


TUNNEL DESIGN. 

77. Croas-Sections. The variety in the cross-sections which 
have been adopted is due to the fact that there are no absolute re¬ 
quirements which determine the design except in a general way. 
If the tunnel passes through such very soft soil that there is ex¬ 
cessive pressure the form should be circular or nearly «o. While 
the siase of the rolling stock is in one sense a limitation, yet the 
clearance should be considerable, partly for the reason of allowing 
something for a possible settlement of the lining. A majority of the 
sections used have a semi-circle or semi-ellipse surmounting a rect¬ 
angle or trapezoid. Even when the ground is so soft that lining is 
required not only at the top but also at the sides and bottom, the 
same general shape will be used except that the straight lines will 
be replaced by arcs of circles concave to the center of the tunnel. 
Illustrations of cross-sections will 1)6 shown under a subsequent 
section. 

A tunnel almost invariably strikes one or more veins of water 
which immediately begin to discharge into the tunnel, which there¬ 
after becomes the drainage outlet for such water. This necessi¬ 
tates an adequate provision for drainage. In adouble track tunnel 
the drain will usually be placed between the two tracks, but with 
single-track tunnels they must necessarily be placed on each side. 
Fi{r. 48 will illustrate this feature. 

78. Grade. Many tunnels are situated at the summit of two 
grades, which are very probably the ruling grade of the road. In 
such a case it is possible to make the ends of the tunnel at practi- 
esdly Gie same level and have no grade in the tunnel except a slight 
grade for drainage. There ^ould be no grade summit in. 
the tunnd. Grade for drainage should never be omitted*~abOut 
0.2 per cent grade is required. But tunneb are frequency uec^ 
sary as parts of a grade which is •very possibly the rulii^ grade of 
the fine. In cases the grade ^oidd be mate^chd^ rh 
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dnoed while ranning through the tunnel. The atmospheric resist, 
ance in a tunnel is greater, the rails are apt to be wet and slippery 
and the tractive power therefore less, while the consumption of the 
limited supply of oxygen by the locomotive and the poisonous 
fiimes cast off, especially when the engine is vrorking hard, is a 
source of actual danger to the engine crew and even to the pas« 
sengers. Tiierefore a generous reduction of grade should Iw made, 
although the precise amount of compensation required is hardly 
computable. 

79. Lining. The lining required varies from no lining, such 
as may l)e permitted when the rock is so firm that it will be abso* 



Fig. 47. Coauectlon with Hhaft, Church Hill Tunnel. 

« 

Intely self sustaining and will not disintegrate u}x>n exposure to 
the weather, and a lining of the very heaviest and strongest cut- 
stone masonry which should be used when the ground is subject 
to extensive settling. This condition is far worse than any mere 
dnid pressure. Many American tunnels have been constructed 
with a permanent lining of timber, such as is illnstroted in Fig. 
47 . In other cases the eross-seetion of a tunnel has purposely 
been made somewhat larger than necessary, so that when the tim¬ 
ber lining retired renewal a masonry lining conld be built inside 
of the timber lining without encroaching on the required clear 
ci|^-B6etion and without requiring any distnfbance of the timber 
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lining. li> this way the heavy expense of the masonry lining coaid 
be deferred until a time when the road would probably be better 
able to pay for it. True economy requires the best of cement 
masonry. When, on account of an unintentional fall of rock out* 
aide of the nominal excavation lines a space would be left between 
the lining and the line of the excavation, such s|)ace should be 
filled with broken stone well packed in or even with concrete or 
solid masonry. 



80. Portals. Although no calculations can be made to de> 
temiine the forct^s acting on a portal, it is readily seen that they 
are sometimes very great, as they must often prevent a tendency of 
the face of the mountain to slide dowm over the tunnel outlet. In 
Fig. 48 is shown a typical portal. These are sometimes made very' 
elaborate architecturally, but the leading feature of the design must 
be its massiveness. It must act as a retaining wall against the 
direct action of the slope. If there is also a consideraUe stretdi 
of open cut at the entrance to the tunnel, then the design is really 
simplified by walls on the sides of the cut which wQl aot as but¬ 
tress walls to the portal. Some of the most difficult constroetioii 
a tunnel mpy ooenr at the pcntals. It is here that the tluokn^ 
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of die natural ^roof** of tho tunnel runs out to ptactically aero. 
Considerable thickness is required before it will become self^sus. 
taining enough to give opportunity to ])laee the timbering. The 
surface soil may also lie so loose that the excavation below starts 
sTlandslide. Tlierefore a very heavy timber frame must be oon> 
structed outside of the line of the proposed portal and must be 
very heavily braced to withstand a probable tendency to a landslide. 
In one ease a shaft was sunk a short distance from the portal; 
tunnel excavation and permanent masonry lining was at once com. 
menced, running back toward the |)ortal. As the surface was ap. 
proached the thin roof was so thoroughly supported that no serious 
difficulty was encountered from a landslide. , 

TUNNEL CONSTRUCTION. 

81. General Principles. A large majority of tunnels require 
a lining l>ecau8e the material through which they are excavated 
•cannot he de{)ended on to be self-sustaining. Except in snb-aqueous 



CroM Section. lAnqitw^inol Soction 

Fig. 49. Fig. .•» 


work, all material is solf-sustaining over a small area and for a 
short time, a time long enough so that after a small area has laten ex* 
posed a support even though teni[x>rary may be placed which will 
prevent a fall at that place. Bince there are all gradations in mate, 
rial from the hardest of rock to the softest of quicksand, there are 
likewise gradations in the methods to be adopted, in the prompt* 
new with which timbering most be placed to support exposed 
areas and idso in the extent of area which may be safely exposed 
, b^re timbering is placed. All methods agree in excavating one 
m more headings in advance of the full sectional excavation* 
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These heajlings are eoinetirnes made at the top, sometimes at the 
bottom and sometimes at the two lower corners. One good effect 
of snch headings is to drain the soil in advance of the main exca< 

vation and thus facilitate the sub¬ 



sequent work. These headings 
are then enlarged until at last the 
full sectional area, including that 
required for the lining, is ob¬ 
tained. The construction of the 
lining follows closely, so that in 
a stretch of jierhaps less than 80 
feet may be seen all stages of the 
work, from the initial heading to 
the finished tunnel completely 
lined. 

82. riethods. The limita¬ 
tions of this paper will not permit' 
a complete discussion and descrip¬ 
tion of the various methods which 
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are used in this work. Some illustrations are shown to give the 

student such a grasp of the gen- , 

eral princi})]es involved that a stethm 

generous application of common 

sense may enable him to accom- ^ 

plish some of the plainer and 

simpler problems. The timber- 

iug must be so designed and , w 

placed that there will be little \ * 

or no tendency for the pieces to \ 

slip on each other and that any ■ S^|E. 

added pressure will only bind ha a.., 

the framing still tighter to- ^ 

gather. The timbering should MS 

never fail except by absolute 

crashing, and its cross-section 

should be madesQcb that it may 

withstand any prcd>able pressure., An inspection of tho Rlnslta. 
titms will iUustmte this. « 


Fig. 52. 
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Much of the difficulty of tunnel work arisc.s frojpi the limited 
space in which the work must be done. A welUlcvised system of 
removing excavated material as rapidly as it is loosened and of 
handling the materials for the 
lining and placing them in posi¬ 
tion is therefore an absolute 
necessity. The use of small cars 
on rails is usually advisable. 

With a tunnel of apy consider¬ 
able length, artificial ventila¬ 
tion during construction is nec¬ 
essary, especially if blasting is 
required. As before mentioned, 
compressed air may be used to 
operate the drills for blasting 

* and this may supply the need. 

But where no blasting is re¬ 
quired, ahd sometimes even 
when compressed air is used, 
ventilation by fans is neces&ary. The fans and engines for oper¬ 
ating them are of course j>Iaced outside the tunnel and the fresh air 

, is discharged from a pi{)e where desired. 

TRESTLES. 

A trestle consi.sts of two essential parts, the sub-structure 
framework and the floor system. Since tlie fleor s>stc*m is essen¬ 
tially independent of the sub-structure, it will l)e separately described. 
There are two systems of building the sub-structure, by piling and 
by timber frames. 

* 83. Pile Trestles. These are limited in height to length 
o{ a nngle pile which may safely be used. The length of pile 
required must include the necessary depth to which they must be 
driven. On this account 30 feet above the ground is about the 
fimit of height of a |nle trestle. With exceptionally long piles 
higher pile trestles might be built, but framed bents would be 
preferable. Usually four piles are conridereef sufficient for single 

* although ipore are sometinms used. The inner fnles are 
always made vertical but the outer piles are sometimes battered so 
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as to give the trestle a greater resistance against a lateral thrust. 
For a high trestle (greatc*r than 10 feet) this thrust is best taken 
up by sway bracing. The piles are surmounted by a cap which is 
generally 10X12 in., or perhaps 12X12 in. A still better form 
of cap is the “split cap,” which consists of two pieces bolted to¬ 
gether as shown in the detail of Fig. 56. Other methods of join¬ 
ing the cap to the piles are illustrated herewith. The construction 
using drift bolts is perhaps the cheapest and most quickly erected, 
but it has the disadvantage that repairs are difficult, and if the tres¬ 
tle is merely temporary it is almost impossible to remove it without 
ruining the timber for future use. The mortise and tenon joint 
is perhaps the most common for good practice. The piles should 
be not less than 14 in. in diameter at the butt and 7 in. at the top, 
exclusive of bark, which should be removed before driving. The 
soft durable woods such as cedar, cypress, pine and redwood are 
l)est for piles that are not driven in a stream where they may be 
subject to the blows of floating ice. The oaks are stronger but 
are less durable in the ground. The caps are preferably made of 
hard wood such as oak or yellow pine. They should be about 14 
ft. long for single track. The sway braces are generally 3X12 in. 
and are usually spiked with ^-in. spikes 8 in. long. 

84. Pile Driving. Piles are usually driven by means of a 
hammer weighing 2,000 to 3,000 pounds, which is raised between 
guides to a height of perhaps 25 feet and allowed to drop onto the 
head of the pile which is suitably set between the guides. A very 
cheap way is to raise the hammer by horse power, and then loosen 
a clutch which allows the hammer to fall freely. A still better 
way is to use a portable engine which winds the hoisting rope 
around a drum. Sometimes the falling hammer is required to 
draw the rope and unwind the drum as it falls. On the one hand, 
this obmtes the use of a clutch and even permits more rapid blou^ 
but on the other hand, the force of each blow is very materially 
weakened and the method may be used by a dishonest contractor 
to falsdiy indicate a high reristing power of the pile. Excesave 
driving has been known to fradure a pile underground and render 
it almost useless. Hie action of the hammer splinters the top of 
the p^, cauring it to^'broom.’* actimi very greatly reduces^ 

^ectiveness of the driving. Thu is largdy prevented by diamfethig 

.k 
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on the top of the pile and driving on a wrought-iron ring, which has 
asectk>n of about |X2 in. and of a suitable diameter.* The fre¬ 
quent removal of all crushed wood from the head of the pile by 
means of an adze is amply justifiable in spite of the delay caused. 
Kies should be driven until their resistance as indicated by the 
penetration for a single blow is as great as is required, llie most 
commonly used formula is that known as the *‘En^neering News" 
formula, which when used for ordinary hammer driving is as follows: 

( 52 ) 

In this formula R is the safe load on the pile, w is the weight of 
the hammer, both in pounds, h is the height of the fall in /eef, and 



Fig. 54. Fig. 55. 


9 is the penetration in inches of the pile during the last blow. 
Sometimes the average penetration during the last five blows will 
give a more reliable value. 

Example 1. A pile was driven with a 2,r)(MMb. hammer 
until the total penetration during the last five blows was 13 inches. 
During those blows the hammer dropijed 23 feet. How much is 
the safe load? 


2 fcA^2X2,.’MK)x23_115,(HM) 
axl3; + l “ 3.6 


31,944 pounds. 


Example It is required to drive piles with the above Imm- 
mer until the indicated resistance is 25,0(X) lb. What should be 
the average poietration during the last five blows, the fall being 
then 22 feet? 

2wh 2x2,r)00x22 110,60(1 

2o,000*<—; *-—-*—— 

a+1 tf+l #4-1 


110,000 

25,000 


— 1«= 3.4 inches. 
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Ano^cr form of pile driver is that known as the “steam pile 
driver.” 'This cjonsists essentially of a hammer which is directly at¬ 
tached to a piston in a steam ^rlin* 
dcr. The hammer, weighing about 
5,500 pounds, is raised the bright 
of the cylinder, which is about 40 
inches, and then falls freely. Al¬ 
though tile fall is so much less the 
blows are very rapid—^about 75 to 
80 per minute. The practical effect 
of this is that the soil does not have 
Fig. 56. time to settle between the blaws 

and the penetration is more easily 
accomplished, while the ultimate resistance is as great as before. 
On this account the constant “1” in the denominator in equation 
52 is clianged to 0.1 and the formula then becomes 



R 


^2 wh 
“« 4 - 0.1 


(53) 


FRAMED TRESTLES. 

85. General Form. Although there are multitudinous varia¬ 
tions in the details of construction, a very large proportion of 
framed trestles are constructed substantially in am>rdance with 
the typical design shown in 
Pig. 57. TIm! outer posts are 
generally battered about 1:6; 
the cap and sill are mortised 
to the posts, although split 
' rills and caps can be used ad¬ 
vantageously. The sway bnu'- 
ing sliould be bolted on. Al¬ 
though the mortise and tenon 
joint are most commonly 
used, there are many other 
derigns. The “plaster Joint” 

is one of the most common. This conrists of two pieces of 3-in. 
plank which are placed on each ride of the jmnt as in Fig. 58, and* 
are bolted tlirough and through. This form has the merits ui 
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dbeapnesa and fadlity for taking out and renewing any decayed or 
injured piece. Iron plates are sometimes used in a dmilar manner. 
Dowels and dnft bolts are also used, but as mentioned before have 
• ipany objections. * 

86. Multiple Story .Construction. A single-story fran^ 
trestle should not be. made over 
25 or 38 feet high. Additional 
height is obtained by dividing the 
height into two or more stories. 

Then since all the Upper stories 
must be of uniform height the 
odd amount must go to the lower 
story, as is illustrated in Figs. 

59 and 60. Some plans liave 
these stories absolutely independent of each other, ^''his simplifies 
the construction and makes repairs easy, but the trestle will be 
lacking in stiffness. These illustrations should be studied with 

special reference to the design of the lateral 
bracing of the individual U^nts and also the 
longitudinal bracing of the trtvstle as a whole. 
Note that the lateral bracing always runs to 
some point where two or more pif*ces inter¬ 
sect, and when ^)ssible it I.h so designed that 
even the intermediate pm’iiis are a common 
point for several piet'es. A thorough bolting 
at these points greatly stiffens the strudure. 
The span between the bents varies fnm 10 
feet to 18 feet. For high trestles economy 
requires that tlie number of bents shall be 
reduced as mu(‘h as possible, which means 
that the spans should be increased. But this 
increases the requirements for the floor sys¬ 
tem, and also the load to be carried by each 
I1g.59. 18 feet is almut the safe limit for railroad 

rolling stock on untrussed wooden floor beams. 
« 87. Foundatioiu. Trestles are frequently to be classed as 

'Himqwtary** structures. Such will justify the u^ie of a foundation 
M % more tmponuy chuacter than could be tederated for per* 
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manent work. When time is important and the ground soft, piles 
are sometimes driven and sawed* off a little above the ground. 
They are so placed that a pile mmes as nearly as possible under 
each post of the trestle. Of course, such foundations must be cop- 
sidered as very temporary in character, as they will speedily decay 
to such an extent as to render them unsafe. I^tK'ust or chestnut 
are preferable for this i)uriK>se. 



Another form wiiich is even easier to construct, but ■which is, 
if possible, still m<jre subject to decay, is the “mud-sill” founda¬ 
tion. The sill of the trestle is .set on a number of timbers placed 
transverse to the sill, the timliers being about 12X12 in. X 6 ft. 
If the ground is very soft even these timbers may be set on two or 
more long timlnjrs, laid parallel to the sill, as sh<m*n by the dotted 
lines in Fig. 62. 

When the trestle is intended as a permanent structure, and 
especially when it is intended to ultimately replace it with a steel 

viaduct, a stone foundation 
may be used. If built of 
rough rubble the wall should 
be about 4 feet thick. If 
the masonry was of a better 
' class the wall need not be so , 
thick, but the cost would be 
about the same. Usually a 
single continuous wall would 
be built, but if the trestle is very high the usual batter adopted for 
the side posts will make the sill very long. With some designs of 
trestles, dep^c^g, how'ever, oii'tfae plan of the posts, it Is per*, 
missible to save some masonry by omitting portions oS the wall ■ 
between the center and the endsr’*^ 
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88* Abutmiits. At each end of a trestle the natural sur¬ 
face usually approaches the grade line by a slope. If stone founda¬ 
tions were built for the bents, then 
E[^ne abutments would be built 
which would act as a retaining wall 
for the last few feet of rise and 
a’hich wbuld support the last string¬ 
ers. When piles are used an abut¬ 
ment such as indicated in Fig. 63 
is used. When no piling is used, 
an abutment may be made in the 
form of crib work. Sometimes one 
end of the last line of stringers is 
merely buried in the earth or is 


C 


1 r til 11 r 


Fig. 62. 


supported on a “mud sill.” Of course, all of these latter methods 
.should be considered as temporary. The danger in them lies in 
the chance of these |>laces being neglected and the decay unnoticed 
until the decayed timber sutldenly gives way and a costly accident 
is the result. 


TRESTLE FLOOR SYSTEMS. 

89. Stringers. The design of stringers deiiends somewhat 
on the cost and practicality of obtaining timlwTs of tlie length 
and thickness tliat theory would call for as the most economical 

size. Sound timber of the 
required length, and more 
than 16 or 17 inches in 
thickness, is scarce and cor¬ 
respondingly costly. The 
requi red transverse strength 
for stringers is, therefore, 
obtained by taking as large 
pieces as may be readily 
obtained, setting them on 
edge or with the largi^ 
cross-sectiondl dinmnsion 
vertical, and then bolting two or more of them together nde by 
^ile. Two tunberSjK each 8X16 in., bolted togetiier side by side 

m 
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with ilw 16 hi. dimension vertical, are practically as stifong as a 
16 X16 in. timber, and are very much easier to obtain in a sound 
Audition. These stringers should preferably extend over two spans, 
.the lines “bimking joints.” This requires pieces from 20 to 32 ft. 
in length. The pieces of each line should be separated by “separat- 
* 0 ^” which are sometimes cast-iron spools, 1 or 2 in. long, which 
are strung on the bolts, or are sometimes made of pieces of plank 
about 6 feet long. Bolts are run through the striilgers and sep¬ 
arators. The plunk separators thus serve to tie the consecutive 
stringers together. The chief object of the separators is to permit 
air to circulate freely around the timbers. Placing the rough 
sawed timbers side, by side would allow water to soak in and be 
retained, so that decay would be very rapid. The design of 
stringers is sus<‘eptihle of exac*t calculation for the transverse 
strength required, but as this is a direct application of the subject 
of “Shrength of Materials,” the method of design will not be 
elaborated here, except to <*all attention to the fact that the 
stringers mu.st be designed to withstand not only transverse 
strains, but. also sheading and crushing across the grain where the 
stringer rests on the cap. A very high and narrow stringer might 
have sufficient transverse strength, but might be so narrow that it 
would fail by shearing along the neutral axis. The same stringer 
might also have such a small are^a where it rests on the cap that 
the safe limit of crushing across the grain might be exceeded. The 
safe values to be used witli various kinds of wochI for these various 
stresses may l)c found in many handbooks. The following dimen¬ 
sions have the approval of very extensive practiw: 


Clpar Span. 

NumlM?r of piocro 
uniior each rail. ' 

1 

Width. 

1 

Dapth, 

10 fuet. 

O 

«« 

8 inches. 

16 inches. 

12 “ * 

2 

10 *' 

16 ** 

14 ” 

3 

10 “ 

16 ” 


90* Corbels. A. corbel in a trestle is the name applied to a 
timber placed on the cap of the trestle bent and on which the 
strings rest. Fig. 64. The argument in favor of their use seems to 
be that they greatly increase the area of pressure on the seat of t)ie 
str^iger^ They can also be utdised to Idnd together two abutting 














lUlUtOAD ENOmSftBINO " 'i 

adingers. But altiiougii the crashiiig of the end the stniig^^ 
may be prevented, the area of contact betweep the, Corbel and thft* 
cap must be considered, to determine idiether cru^ng mi^it " 



Fig. 64. 

occur there. There is great diversity of opinion regarding thdr 
use. Many standard designs do not use them. * 

91. Guard Rails. These are timbers varying in size from 
5 X 8 in. to 8 X 8 in. which are placed near the ends of the ties. 
They are usually notched about I inch at each tie so tha^ they 
• really form tie spacers and thus prevent the ties from becoming 



Fig. 65. 


displaced if a car becomes derailed on the trest.e. They should 
be bolted to the ties at every thini or fourth tic. There are vari¬ 
ous methods of jointing the ends of abutting pieces. The method 
shown in Fig. 65, is perhaps as good as any. . 



Fig. 60. 


The name guard rail is also applied to the imier guards whic^ 
aiv placed about 10 in. inside of each rail, Fig. 66.' These are usually 
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the ordinary T-rails used for traction. These rails are relied on to 
keep the dars on the trestle if they should become deraikd. If a 
car should become so displaced that the wheel reached the outer 
wooden guard rail, it would probably catch on it, slew around and 
jump over. Therefore the sole function of the outer wooden guaed 
rail is to keep the ties spaced and in place. 

92. Trestle Ties. Trestle ties are always made of sawed 
timber. They are longer than ordinary ties—^usually 9 td 12 feet. 
The depth is frequently much greater, w’ith the apparent idea that 
they may act as a flcK)ring that will support the rolling stock if it 
should become derailed. For a similar reason the spacing is made 
very much closer—generally equal to or less than the width of 
the ties. Sometimes even the ties are notched on the under^de 
where they rest on the stringers. Some plans have a stringer run 

undereach guard rail. Then 
bolts will be run through 
the stringer, tie and guard, 
rail at every third or fourth 
tie. If the ties have been 
notched dowm on the string¬ 
ers and the guard rail is 
notched down on the ties, 
then these bolts will tie the 
w'hole system immovably 
together. 

93. Super-Elevation of 
the Outer Rail on Curves. 
IxK*ating a curve where a 
trestle is also necei^ry, is 
in general very objection¬ 
able, but it is sometimes' 
unavoidable. The objection 
lies not only in the fact that a very considerable force is required 
to guide the train in its circular path, hut the force is variable, 
depending on the variable speed, and there are apt to be oscillations 
of unknown force w’hich will still further rack the tresrie. Never- 
Ukeless these forces must be provided for as closely as posrilde. 
If all trains moived along the tresde at precisely the same spe^t ‘ 
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^ probtem would be comparatively simple. The whole floor 
system could be deigned to resist the thrust due to the forces devel^ 
oped at that £pted. But ance the speed may vaiy^ down to zero, 
and the train start from rest while on the trestle, which of itself 
w411 introduce new strains, 
the construction which is 
best for the highest speed 
is not Ihe best w'hen the 
train is standing on the 
trestle, or when it is start- 
ing, and vice versa. A fevr 
of the many designs which 
have been used will be 
illustrated, together with 
abrief comment on the 
advantages and disadvan- 
> tages of each design. The 
required super-elevation 
of the outer rail and the 
method of computing 
it ^ will be discussed in the chapter on track work and track laying. 

(o) Inclining floor system and rap; sill horizcmtal; outer posts 
longer, Fig. 67. The construction of the trestle bents is more com¬ 
plicated, btii fhat of the floor 
system is siifiplified. Since the 
stringers do not stand vertically 
there is a tendency for them to 
twist when the train b sta^ 
tionary. 

(b) Placing ivedge^ under 
the ties at each tie. Two or more 
w'edges are required for each tie. 
Each wedge is bolted by two 
liolts. The number of {uec^i is 
ver>' great, but there is the advan- 
tajse that the tbs are not notched or weakened in any way. If for 
any reason a Afferent super-elevation is desired the wedges are ,aU 
need be changed. 


Fig. 68. 
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(c) Placing a wedge under the outer rail at each tUt Fig, ^8, 
This is siiAilar to the last method, but requires fewer pieces.' If 
the super-elevation is sUght, either very long spikes must be uted 
or lag screws may be used which will run through the wedges into 
the ties. For a greater super-elevation the wedge must be fas¬ 
tened, as shown in the illustration. 

(d) CorheU of varying height^ Fig. 69. llhe whole floor system 
is tipped as in a, but the trestle bent is as usual, with cap and 
sill horizontal. In all such cases, where the axis of the post is 
vertical, the lateral bracing of the bent should be made extra 
heavy. It should be especially noted whether the center of pressure 
under extreme conditions reaches the sill too near the outer end of 

, • the sill. 


(e) Tipping the whole bent on its 
foundation. The advantages and dis¬ 
advantages of the method under some 
conditions are obvious. 

if) Notching the cap, Fig. 70. The 
method is mentioned on account of its 
frequent use, but the disadvantages are 
very great. The cap is weakened by the 
notching. Either the stringer or the ^e 
must he notched at each tie. Usually the 
tie would be hopelessly weakened if it were notched sufficiently, 
;«nd, therefore, the stringers mu.st be notched. The methexi is costly 
in construction and objectionable when made. The above methods 
are types of a great variety of plans of construction which have 
been suggested and tried. 

94. Protection Against Fire. One of the strongest objec¬ 
tions against the use of trestles is the danger from Are. Sparks 
from the locomotive or wayside flres kindled by tramps and others 
may destroy" %hem, or, what is still more dangerous, may slowly 
eat into the timbers until they are weakened beyond the danger 
line, and yet, because the effect of the fire is not apparent to a* 
caideu inspeorion, it may result in an appalling aeddent. The 
dang^ horn falling coals from the locomotive firebox b largely 
obviated by constructing a solid floor or trough on the stringers, 
Ihe tnmgh being filled tNth balla^^ and the ties set in the ballai|t 
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as usual. Another method is to cover the stringers and cajis with 
sheet metal. A vi^y long trestle generally deserves the protei;tion 
of a special watchman or track walker. Means for fighting a fire 
when discovered are provided by reaen'oirs of water, made perhaps 
from halves of oil barrels, which are placed on the trestle at inter¬ 
vals of 300 feet. Three or four ties are made about 4 feet longer than 
the usual length. These form the fitmr of a platform, which, when 
provided with a railing, forms not only a pintle for the barrel, but 
also a refuge bay for the track walker, who may be on the trestle 
when a train is passing. 

95. Choice of Timber. When a railroad is l>eing run 
through a ^'irgin country vrhere timber is plentiful and there is 
frequent occasion for trestles, it pays to take a portable sawmill 
to the spot and saw the timber as required. Under such «>ndi- 
tions any one of the various kinds of timber which are ever used 
for building purposes will answ’er. If necessary, the cross-sec¬ 
tions can be increased to correspond with the reduced strength of 
a weaker W’ood. But when the w'oofl must lie transported a con¬ 
siderable distance and it is practicable to choose among various 
kinds of wood, the selection should be made according to favorable 
qualities. Ties and guard rails should, if possible, be of oak. 
Stringers should be made of oak or pine. Since one of the chief 
uses of corbels is to relieve a dangerous pressure a<*ros8 the grain 
they should be made of the hardest wwkI obtuiiuible, such as (jak, 
hickory or ash. The bents of a framed trestle may be made of 
almost aii^^liing, but oak, pine or fir are preferable when obtain¬ 
able. If the sills are liable to l>ecome •buriwl somewhat in the 
ground so that rain will not rea<iily be shed, then some wood like 
cedar, which is verj' long-lived under grouml, might be preferable, 
but the strength as posts will be .somew'hat less than that of oak. 
The chemical treatment of timber for trestles is seklom used, except 
for trestles which are partly immersed in water where the teredo 
natalie is found. Trestles are usually cs^nsidered to be. so cheap 
and tempennuy that conditions which w'ould justify liie additional 
eiqpenaB of chemical treatment would also Justify the immediate 
ocmstructioik of a pesmanent structure of steel or stone. 

the foldiiig jdate, ilg. 71, is ^wn the standard plans 
ior A framed tiestle as adopted by the Great Northern Rallraiul. 
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Many of tjie details shown will verify those already mentioned, 
while in either <;ase*s tlie variations in detail n'present practice equally 
good, 'i'he plate is well worthy of a long and close study. 


CULVERTS. 

96. Pipe Culverts. The scarcity of stone suitable for mak¬ 
ing a “box” or “arch” gulvert has led to the adoption fqr many 
localities of pipe culverts, the pipes being made of tile or iron, Fig. 
72. Pi])es have several very great advantages. Their form is 
hydraulically better tluin any rectangular form and the surface is 
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Fig. 72. Pipe Culvert. 


usually very much lietter than an ordinary masonry culvert. There¬ 
fore they will dist.'harge a far greater volume of water than a box 
culvert of equal area. They are very easily placed without skilled 
labor. Sometimes they are set inside of a w'cxKlen box culvert 
temporarily, placed during the construction of the road. When 
one pipe of the »ze which it is desired to use has insufficient area 
■ tw’o or mure pipes may be used side by side. This feature b of 
special value when the h^d room betw'een tlm bed of the stream 
and the grade line is limited. Iron pipe lisually has such inWent 
strength that .there b little need for special care in securing a fotm- 
jdation lor the pApe. A little block of concrete at each joint b suffi- 
fleht lor ordinary cases, but tile pipe requires aaecure fouadatioB. 
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The danger to the pipe does not lie so much Jn the mere 
f!tatic pressure of the eartbxiork embankment above it as* In the 
effect of settlement of a ‘^green’* embankment. If the pipe is 
laid on the natural soil, vrhich might be tolerated if it is very firm, 
'a bed should be carefully scooped out so as to fit the pipe as closely 
as possible. A better plan is to place a thick layer of broken stone 
or brickbats and ram them to the proper form as a be<l for the 
pipe. A still better plan is to place a layer of concrete under the 
whole length of the pipe. The required slope of the pipe deiiends 
somewhat on the accuracy of the laying and on the permanency 
of the work. A slope of 1 per cent is ample, provided the grade 
be made and maintained uniform, but the effect of settlement may 
be to change su<*h a grade to a negative gra<le, which would pre¬ 
vent the water from lieing carried off. Some standanl plans there- 
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Fig. 7.1. OW-Rail Culverts. Fig. 74. 


fore require a grade as stet‘p us 1 in 20. At cuch end of the pipe 
there should lie a substantial head vail of niasunrj'. Some stand- 
anl plans make this wall a cry large aiul heavy with elaborate wing 
walls. These arc justifiable on the grounds of pre\enting the 
water at the upper end from scouring around t^ie ends of the head 
wall or of preventing the outfloving vatcr from srsmring away 
the bed ot the stream and thus undermining the lower head wall. 

An iron pipe can be used if necessary very close to the ties, 
but a tile pipe Should have a cushion of at least three feet bt*tween 
the tile and the ties. The joints in the pipe should always 1^ 
caulked. Clay puddle is much used for this purpose and when it 
b of good quality and the work well done, the results are satis¬ 
factory, but if clay puddle cannot be obtmned it is better to use 
hydratdic cement. The cost of the cement is an in.significant item 
ixmMetmg tba value ci the result. 


tu 
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97. Old^Rail Culverts. These have an espedal value when 

the head room between the bed of the stream and the rails is smalL 
and when it is also necessary to provide for a considerable flow of 
water. The old rails, even when worn out as rails, sdll have a 
considerable strength as girders and a continuous layer of them 
is amply strong enough to carry the roadbed and the traflic over 
a six'fuot opening. The rails may be bound together by means 
of tie rods run through the w'ebs of the rails, but they may also 
Ixj confined by stones at each end of the seat course on each abut¬ 
ment, Figs. 73 and 74. ‘ 

Another advantage of this form of opening, over the com¬ 
mon plan of supporting the tics on stringers or steel girders, is 
that in this plan the ballasted roadbed is continuous. This is a 
great advantage both from the standpoint of smooth riding and of ^ 
safety. 

98. Cattle Passes. When an embankment crosses a farm, 
cutting it in two, it becomes necessary for the road to provide a 
passage way through the embankment for the use of cattle and 
farm ‘wagons. Tlie cost of such a structure is compensated by the 
relief of the company from damages due 'to the cattle crossing the 
road at grade. These openings are sometimes built as large stone 
arch culverts or as old-rail culverts, especially if there is liable to 
be a storm-water flow through them. Another method is to set 
two trt\stle bents at the requisite distance apart; 3-inch planks are 
set behind tlie bents to hold the earthwork embankment; the 
stringers are notched down so as to take up the thrust of the embank¬ 
ment. This method naturally applies to embankments which are 
from about 8 to 16 feet in height. The disadvantage incident to 
all wooden structures set in earth also applies here. There is also 
the disadvantage of a break in the continuity of the ballasted road¬ 
bed, as well as the danger due to an acddent from fire destroying 
or weakening the structure. When the head room b limited, a 
first-class permanent construction can best be obtained by 
*‘old-raiiy method or something similar. 
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MISCELLANEOUS STRUCTURES. 

99, Water Supply. The railroads of the <*ouiitry spent in 
1910 over $13,000,000 in supplying water to their locomotives. 
Part of this expense is dne to the fact that a bad quality of water 
is so injurious to a locomotive boiler (as well as rendering it difli> 
cult dor the boiler to steam properly) that the added expense of 
procuring a suitable supply of naturally pure water or of purify, 
ing an impure supply is amply justified. A natural water supply 
is always more or less charged with calcium and magnesium car. 
bonates and sulphates in addition to impurities of almost any 
nature which come in as the refuse from factories, etc. Some of 
these impurities are comjiaratively harmless, esjiecially if the 
quantity is not large. But the evaporation of the water precipi¬ 
tates the calcium and magnesium, which form dejiosits on the 
enr^e of the boiler. 

These deposits are injurious in two ways. In the first place 
the transfer of heat from the fire to the water is less free and 
there is thus a waste of energy, and in the next place the metal 
becomes overheated and perhaps burned.*’ The safety of the 
metal of a boiler depends on the free transfer of the intense heat 
of the fire to the comparatively low heat of the water or steam. 
The prevention of these deposits may be accomplished in one (or 
both) of two ways; the frequent cleaning of the tmilers through 
the manholes and handholes provided for the purpose, and by the 
more or less perfect purification of the water before it enters the 
boiletr 

Urn loeatioii of the water stations must be at such places and 
intertals as the service demands. There must always be a supply 
at rlha extremities of eadi division and usually at Intervals of 15 
29 mflea betwcfn* . Of course these intervals are varied aceord. 
hkg.to ^ Ipeatioii of convenient sonrces of snpply. The freqaent 



104 


RAILROAD ENOINEERING 


erection of municipal plants for water supply even in small places 
has led to the utilization of such plants, since a snitable supply 
for domestic use is usually satisfactory for boiler use» and nnce a 
reasonable charge to such a large consumer would generally be far 
lees than the cost of maintaining a separate plant. In default of 
such supplies, a convenient intersecting stream, especially when 
pombin^ with an existing but perhaps abandoned mill dam which 
will form a convenient storage reservoir, may be utilized. If the 
stream passes through a limestone region, the.water may become 
so thoroughly impregnated with calcium compounds that a purify¬ 
ing plant will b^ome a necessity and then there may arise the 
question of a choice between a conveniently located station with a 
necessary purifying plant and a less convenient location but a nat¬ 
ural supply of purer water. 

The chemical purification of water for railroad purposes has 
become a specialty and must be studied as such. Of course no 
attempt is made to produce chemically pure water as that would 
be unnecessarily costly. The reagents chiefly employed are quick¬ 
lime and sodium carbonate. The lime precipitates the bicarbon¬ 
ate of lime and magnesia in the water. Sodium carbonate gives, 
by double decomposition in the presence of sulphate of lime, 
carbonate of lime, which precipitates, and soluble sulphate of soda, 
which is non-incrustant. The precipitates settle to the bottom of 
the tank and are drawn off \rhile tlie purified water is drawn from 
the upper portion of the tank. Such purification may be aocom- 
jplish^ for a few cents per thousand gallons. Still another method 
of preventing incrustation in the boiler is to introduce directly into 
the water tank a ** non-incrustant” which, as its nameimjdies, will 
so change the composition of the impurities that they will aettle, 
harmlessly an<f may be readily blown out. 

Pum^ng. Except when water is obtained from a municipal 
water supi^y it must 1^ pumped into a tank or reservoir which is 
, usually plao^ with its bottom 12 to 15 feet above the rails. 
pumping may be done with a wind mill, which is veiy cheap hat 
unrelialde, or by an ordinary steam pomp operated by a boiW fed 
with coal, or by a gasoline en^ne. The last method la becoming 
■veij popular, as the pumps rsquirdl^t little attentiott and theeoe^ 
y bn to b. to kto to oo<>.«iid to^ 
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(me>foiurtb of the cost of steam pmnpi&g. Aod this is true in 
spite of the ffust that a milroad can usually deliver slack coal or 
screenings at a pump house alone the line of the road at a cost that 
may not exceed 80 cents per ton. The cost of pumping to a track. 
tank will usually run at ^m 2 cents to 6 cents per 1,000 gallons. 

Tanka. The construction of the piping from a tank and even 
of the tanks themselves has become a specialty by manufacturing 
iirms who can make and sell 


them much cheaper than may 


be done by any “home-made’* 
method, and, therefore, the 
details of manufacture need 
not be here discussed. The 
tank must be so placed that 
its nearest face is about 8 
feet 6 inches from the track 
center. When one tank is to 
serve several tracks or when 
the supply is taken from a 
city waterworks, a “stand- 
pipe** is necessary. This 
consists essentially of an up¬ 
right pipe which stands 
about 14 feet above the 
ground where it has a hori- 
zontallarm about 7 feet long. 
This elbow may be turned 
so that the arm is either par¬ 
allel or perpendicular to the 
track. As shown in Fig. 76, 



^ TijTe medttnism is bar- ^ ^ 
ied underground and the roof 

of the pit is protected so that freezing shall be obviated. 

. Tratk TMm. The demands for hi^ speed require that long 
nihs. diall be made without a stop even for water. Veiy long 
.mis Can o nly be made by taking on water while in motion from a 
bnaek'taiik. HMwe have a of 1,200 to 1,500 feet and must 
te lAid Obm atfetchof lev^ track. A large item in the 
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expense of Installing siicli a plant is the cost of the re<grading 
which is usually necessary to make the track perfectly level. On 
the ties and midway between the rails is a tank about 19 inches 
wide, 6 inches deep and as long as desired. This trough will be 
made of -^^'inch steel plate, stiffened and reinforced with angle 
bars. Such tanks can only be used by engines which are provided 
with a scoop on the tender which is lowered at the proper time. 
The high speed causes the water to rush into the scoop with such 
velocity that it is easily carried to the top of the leader pi|)e and 
over into the tender tank. An inclined plane at each end of the 
trough automatically raises the scoop and when raised it is auto¬ 
matically caught and held so that there is no danger that the scoop 
shall catch in anything on the track. To j)revent the water from 
frei'zing in the winter, steam jets should U'' blown into the water 
at every 40 to 00 feet of its length. The steam required for this 
may be many times as great as the steam required for pumping. 
The cost of such an installation will \hs upwards of $10,000 and 
tile annual expense about $1,5(X). Of course these figures will 
vary with the circumstances. 

loo. Turntables. The turntable proper is an example in 
structural eugineeriug which is now almost universally made of 
structural steel in shops which make such work their specialty. 
Therefore no discussion will be given of the table. Bnt tlie table 
;nnet be supported on a pivot whidi must have an ad(M][uate foun¬ 
dation which must be able to supjKirt a load of perhaps 200 tons. 
The table revolves in a pit which is say 75 feet in diameter and 
which must have a retaining wall abont it. Immediately inside 
of this wall is a circular track on which rollers on the under side 
of the turntable may run if the load is eccentric. Since this load 
on the rail may be large it must have an adequate support. 

If the turntable must be located on what is originally sloping 
ground, the masonry may need to be qnite deep and heavy, sinde 
the foundation for the pivot dionld be specially firm. If the 
subsoil is not self-draining, it should be tharoaghly drained by a 
thorough sub-drainage and tbe-yiit should be drained by a |dpe 
leading to a suitable oatfaU. A turntable is nsnally Ipea^ ]ss 
adjunct to a roundhouse, but in any case the location should be 
made so that the switching tba(f^must be done before and i^ter 
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using the table sball be made a miuiiiiuni. Tbe location of the turn* 
table ill the ,yard is an item in the subject of Yards and Terminals. 

101 . Craling Stations. The cost of removing ashes from 
the ashpan of a locomotive to a suitable dumping ground and of 
supplying the tender with coal may amount to a very considerable 
item unless special facilities are devised for doing the work cheaply 
us well as rapidly. Such facilities are especially necesSaiy when 
the number of locomotives to be taken care of is very great. As 
will be seen from tlie vertical section of a Roberts and Schaefer 
concrete coal loader, Fig. 76, the coal car is placed over the 12-foot 



FiK. 78. EieotrieKlIy Operated 2000-Ton Coalinc Station 
Fourteen englnee oaa be supplied nmultaaeounly with coal, aand, and water. 
Cewteiy e/ lAnk-BtU Company, Chicago 


pit, a hopper receiving the coal from the car and a traveling loader 
CKinveying it to the bucket hoist. By means of the hoist the 
coal is carried to the top of the tower and automatically dumped 
into the storage bins. In Fig. 77 is shown the plan view of the 
bucket pit. * 

* Another concrete coaling station built by the Link-Belt Com¬ 
pany is ^wn in Fig. 78. This has a capacity of 2,000 tons of coal 
t^and b also provided with sand bins and facilities for taking care ol 
the cinders. 

1(0. .Engine Houses. On very snudl roads, where the num* 
' her of en^nes to be housed at any pm place wiU never exceed five 
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or six, a reetangular engine bouse with two or three parallel tracks 
is the cheapest form of euiistruction. But as the unitibttr of 
engines to be provided for increases, and as space grows more 
valuable, the roundhouse” is preferable. Considering the space, 
tracks and switches required to run a large number of tracks into 
a rectangular house, the roundhouse will accommodate more 
engines in proportion to the space required. A turntable is a 
necessary feature of a roundhouse, but since a turntable would 
naturally be located at any point on a road urhere an engine house 
was required the cost of the turntable should not l)e considered 
as an integral part of the cost of the roundhouse. 

Engine houses are used for the minor repairs which contin¬ 
ually form a part of the maintenance of any locomotive. There¬ 
fore a portion of the tracks should be provided with “pits” or 
spaces l^tweeu the rails in which work may be done under the 
.mgine. The outer walls are preferably constructed of masonry, 
although woodeu structures are not uncommon on cheaper roads.^ 
The roof framing should preferably be of wood, as iron trussea 
deteriorate very fast under the action of the gases of combustioa 
from the engines. The effect of this is prevented as far as possi¬ 
ble by “ smoke jacks,” which are chimneys suspended from the 
roof 80 that they are immediately above the engine stack when 
each engine is ])laced where designed. The lower ]>art of this 
chimney is made adjustable so that it may come d(twn closely over 
the stack. The smoke jacks are variously made of galvanized iron 
(very short lived), vitrified pi[)e(too brittle), cast iron (very heavy), 
expanded metal and concrete, and even plain wood painted with 
“fireproof” paint. The floors are best made of brick; cinders 
are cheap but objectionable, wood is tolerable but lacks durability, 
concrete is almost an extravagance. Considering that the lai^r 
roundhouse may contain locomotives worth several hundred 
thousand dollars, fire protection is an important feature. One 
means to this end is ilie use of rolling steel shutters instead of 
wooden doors. In Fig. 79 is shown some of the details of what 
may be considered a typical roundhouse. The fignre will illns- 
trste many of tW points named above. 

Mis. Oiiaiida. The prevalent opinion that a nilroad 

oompmy is rasponsihle for the d^th or injury of soiy cattle whk^ 
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may stray on its right-of-way reqnires especial precautions that 
cattle^ straying along a highw'ay, shall not turn into the railroad 
, ri^t-of-way. The fundamental idea is a structure u'hieh is not 



Fig, M. Slicaeia GatUe Ouard. 

wsnxM wditcb die rails were support^ on wooden stringers. But' 
lo^. nudEes a in the condnnity of the tnadbed and U (i 
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very fruitful source of accidents. This form has, therefore, been 
definitely abandoned for ‘‘surface” cattle guards. 

Two forms of these are illustrated in Figs. 80 and 81. The 
variations in the mrface adopted are multitudinous. Usually they 
are made of iron, sometimes of wood and sometimes of some form 
of tile or cement which is not subject to decay or rust. Any form 
must have in addition the fences extending from the sides of the 
right-of-way up to the' ends of the ties. These fences will be * 
“headed ” by a short guard fence, as shown^in the left of each of 
the figures, which will prevent cattle from stepping over the end 
of the fence. 

TRACK'and track WORK nATERlALS. 

104 . Ballast. The ideal ballast must transfer the applied 
load over a large surface; it must hold the ties in place horizon* 
tally; it must carry off the rain water and thereby prevent freez** 
ing up in winter; it must be such that tlie ties may be readily 
adjust^ to the true grade line and it must produce an elastic 
roadbed. The various materials used for ballast fulfill these con¬ 
ditions in variable degrees and at various costs. The most perfect 
and costly ballast is not necessarily the best for a light trafiSc road, 
but on the other hand many light traffic roads are increasing their , 
operating ex^Hsuses (unconsciously) in a vatu attempt to cut them 
down by using a cheap form of Imllast or none at all. The prin- 
ci})al kinds used will be stated with a comment on each one. 

3/ iul. This means no ballast except the natural soil. Bmne- 
times the natural soil Is sandy or gravelly and will make ja 'very 



Fig. aa Mud BuUast. 


good ballast where it occurs, but no matter bow good the soil may 
he in some places, such a quality cannot be depended t>n to be con¬ 
tinuous tbrdnghout the line or«ven appibximately so. Consider¬ 
ing ^t a b^vy min will in one day spoil the resnhs of of 
paticot ^^surfactu^’’ ^th mud Ji^daat, it is seldom eetmoimeal to ' 
use )t if there is a gravel bed or other source of hidlsst anywhere 
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on tlie line of the road. If it nmut be needy then the drainage 
ahould be exeeptionall^y^ *perfect. The earth should be crowned 
^ver the ties in the center and the ditches on each side should be 
at least 20 inches below the })aee of the ties. This will Militate 
the flow of water to the sides. • 

Vindem, The advantages are a|i almost iierfeet drainage, 
ease of handling, and (dieapness, for, aftt*r the road is in opera¬ 
tion, their use is but the utilization of a waste product. The chief 
disadvantage lies in the dust produced as the ][)articles are ground 
up by use. Incidentally, a light trailic road would mpiire a long 
time to produce enough ashes to ballast the whole road, which 
would imply a long {>eriod of o{)eration with no ballast at all. 

Slag, In certain places such ballast is very cheaply obtained 
as a w'aste product, it being given away for the hauling. It is free 
from dust and the drainage is |)erfect. 

Shelly Jin^ voaly etc. These are only used when their prox¬ 
imity makes them esjHJcially cheap. They liecotne dusty in dry 
weather and correspondingly iinjarfect in their drainage qualitiet. 
They soon become but little letter than “ mud.” 

Oravd, A large proportion of the railroad mileage of the 
country is laid with gravel ballast. This is lawause gravel beds 
are so frequently found on the lines of roads, from which the gravel 



FIk SS Oravrl IlaltaNtt ^ 

may be dug with a steam shovel, loaded on to cars and hauled to any 

desired point where it is perhaps unloaded mechanically, the only 

strictly hand work in the whole ofwration being the tamping of tlie 

ballast in the track. Such methods make the cost {ler cubic yard 

very small. The gravel is easily handled and affords almost perfect 

diainage* If tlie gravel ooutains veiy flne stones or dirt, it should 

be screened over a half-inch screen to take the flne stuff out. 

* 

Broken Stone, This is the best form of ballast obtainable, 
and usually the most expensive. Aldiongh hand-broken stone is 
piefendile, the cost of maobine crushed stone is so much less that 
it St almoBt exelusii^ly used. They idiould be broken so that they 
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will pass throagli a 1^-incli or 2-inBh ring. It is most easily 
shoveled with forks, and this method has "the additional advantage 
that the finest chips and dirt will be screened out. Such ballast holds 
the ties more firmly than any other form and hence is almost an 
essential for roads haYidling a great and heavy traffic at high speed. 
For a light traffic road running few trains and these at very mod* 
erate speed, the use of rock ballast would lie almost a ttseleis lux¬ 
ury unless the broken stone were \ery cheap and gravel were 
exjiensive or unobtainable. 

Amount requh'iil. (iwxl piactice requires a depth of 12 
, inches of gravel or broken stone under the ties. With G-inch X 
8-iuuh ties spactnl 24 inches IkHwccii centers, the amount between 
the ties \^ill Ih' equivalent to an additional depth of about 4 inches. 



!■ la 81 Uroken Stone Ballast 


If the ballast has an average width of 10 feet, say 8 feet at the top 
and 12 feet at the bottom, then one mile of track will contain 2,607 
cubic yards. Broken stone reipiires a little more than this since 
there should lie a shoulder of ballast on the ends of the ties. (See 
Fig. 84.) 

Method of lading. When ballast is laid during the original 
construction of the road, the projier method is to haul the most of 
the ballast with carts or on the contractor’s temporary track and 
spread it evenly to the level of the bottom of the ties. Then the 
ties and rails can be laid and a construction train can haul what¬ 
ever ballast is required for surfacing and tamping. When the 
ties and rails are laid on the bare subsoil and the construction 
trains with ballast are run over it, the rails are apt to become 
liadly bentjsnd kinked. A compromise between the above methods 
is to use light construction cars which may run on the standard 
gauge track without doing the injury that would be caused by 
standard loaded rolling stock.^ 

6W. The cost of ballad depends on (a) the initial cost as it 
comes to the road, (d) on the distance from the source of supply 
to the place vrtiere used, and on the method of handling. A 
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little tbonght will show the .variation in these items for diilereut 
roada, and therefore any estimates of cost are necessarily approxi* 
yiate. As an average hgnre the cost of broken stone ballast in 
the track may be computed as $1.25 |)er cubic yard, and the cost 
of gravel may be pat at 60 cents. The cost of placing and tump, 
ing gravel ballast is estimated at 20 to 24 cents, while the similar 
estimate for cinders is ])nt at only 12 to 15 cents. The cost of 
loading gravel on cars, using a steam shovel, is estimated at (> to 
lo cents per cubic yard. 

105 . Hm. The •cost of ties to a railroad is too apt to lie 
superficially considered as the mere market ])rice of the tics deliv. 
ered to the road. The true cost is the cost of the maintenance of 
suitable ties in the roadbed for an indefinite length of time. Tlie 
first cost is but one item in tbe total cost. A cheap tie must lie 
soon renewed. The labor of renewal is a considerable item of cost. 
The renewal disturbs the roadlied, which requires adjustiiunit to 
ktep it from getting uneven. The una\oidahlo unevenness of the 
roadbed has an actual although uncertain effect on o[K*rBliiig ex* 
penses, increasing the fuel consumption and wear and tear on the 
rolling stock. It even has some effe(‘t on |)oasil)le or safe speed. 

In round numbers, if the cost of buying and placing a gtKxl 
tie is twice that of a cheap tie, and the good tie lasts twice as long 
08 the cheap tie, the economics of the cases are 11 c irly equal. But 
'on the one hand we have the interest on the esrtra ost of the good 
tie for the lifetime of tbe cheaper tie and on the other hand we 
hove the additional cost of maintenance of way when using the 
poorer ties and the indefinite increase of opt^raiiiig exjienses due to 
o poor roadbed. The annual cost of a system of ties should there* 
fore be considered as the sum of {a) the interest on the first cost, 
(4) the annnal sinking fund that would buy a new tie at the end of 
ite life, and (c) the average annual maintenance for the life of the 
tje^ which includes the cost of laying and the considerable amount 
of aulMequent tamping that must be done until the tie is settled 
in file f^bed, b^d^ the regular ti^sck work due to the Ue. 
80 ^ a.mefliod of comparison is essential in considering the 
eeOBOiBica tA chemically treated ties and untreated ties. 

. * Wood. 'A good tie must last aa long as possible in tbe groond, 
nnirt he'kard eooa^ not to be uadoly affected by "ndLcuttin^^’* 
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rangt bt) hard and tough enough to hold the spikes, and finallj 
must be reasonably cheap. Throughout the United States some 
of the varieties of oak fulfill these conditions (on the whole) better 
than any other kind. Pine is the second choice, largely determined 
by its local cheapness. Cedar and chestnut come next, while red¬ 
wood, cy|)reB8, hemlock, tamarack and a few others have a lesser 
use. K^wood and cypress are as good as any from the standpoint 
of mere decay, bnt they are so soft that the rails cut them and 
spikes have but little holding power. Since spikes must be driven 
within a very small area on the face of the tie (for the tie must be 
placed symmetrically under the rails), when a spike is partially 
pulled up by the rail tending to turn over, the spike must be re¬ 
driven very near its former position. On a curve there is a very 
great force tending to turn tlie rail over, and when the holding 
power of the spikes is not veiy great, they must be frequently 
re-driven. Forcing them down in the same hole is almost useless. 
It thus happens that a tie of soft bnt durable wood will be ^^spike- 
kjlled” long before any decay has set in. Redwood ties have 
been largely used in the West, and when they are protected by tie 
plates from rail-cutting, their life in a dry climate is very great, 
especially on tangents. 

DimeHniorm. Ties for standard gauge roads are 8 feet, 8 feet 
6 inches, and occasionally 9 feet in length. They should be 0 

inches to 7 inches thick, and if 




sawed should be 8 incdies or 9 
inches wide. If they are hewed, 
they should have a hewed face ol 


Fig. 85 about the same amount. Sawed 


ties are a practical necessity co 
trestles and bridges, and elsewhere tliey are preferable. When ties 
are cut'from large timber, as is now frequently the case, sawing is a 
necessity, but there is a general opinion that hewed *‘pote** ties 
are more durable than sawed ties. In any case the bark ahould 
be entirely removed before &ey are laid. 

Spacing. The most common spacing is 24 indbea from eeii- 
ter to center, which is the saiTO as 15 per 30-foot rail, whieh is a 
oommon way of stating It. As many as 20 per dO^fool rail are 
acMuetimes niwd if the ties arq^ 4 miall, but as this mesas mJtf 18 
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indies from center to center, tHe space left for taiiipiug is small 
and the support to tilie rail may be even^ less than that given by 
Ihrger ties with wider spacing and more perfect tamping. The 
spacing should not be exactly even as more support is ne^ed at the 
joints. Two ties are placed so that the rail joint is evenly sup* 
ported by them. If the rail joints are staggered,” as is usual, two 
more joint ties are placed somewhat closer together near the middle 
of the opposite rail. The remaining ties of the allotment (say 15) 
per rail Will be divided evenly in the remaining spaces. 

Jiulea for cutting. It should be required that hewed ties 
should have their two faces truly parallel; the trees should be 
reasonably straight, one rule being that a straight line {Assing 
through the center of one end and the center of the middle shall 
not pass outside of the other end; they must not have severe splits 
or shakes; they should lie cut in winter, or wdien the sap is down; 
t]^ey should be piled for at least six months before being used. 
When ties are furnished by farmers along the right of 
way, it is specified that the ties shall be neatly piled 
crosswise in piles on ground not lower than the rails, 
the piles to be at least seven feet from the rails. 

Rules for laying ami renewimj. The largest and 
l)est ties should be reserved for joint ties. Wlieiiever 
.spikes are drawn out, the hole should be plnggt'd with 
a wooden plug which will prevent water from settling 
in th^ hole and thus causing rapid decay. Ties should 
always be laid at right angles to the rail and never 
obliquely. When renewals are to l>e rna^, the requi¬ 
sitions are to be based on an actual count of ties to be 
rei^wed smd not as the result of any wholesale estimate. 

w r SK* <!■«» 

It Is unwise to use a mixed variety of ties in the track 
BO diat their sine, elasticity and durability are very dif- 
icrent. Hits will, by the variation in elasticity, cause rough riding. 

Lo<a1 circumstances very greatly affect the cost, even 
for ihe Mine claM of Hm. Railroads sometiiues succeed in monop* 
olixing ^ tie production in the territory through which they run 
to hanl ties for any other customer or railroad, except 
M fates, and o6ntrol the price somewhat ty; refusing 

ttan lowest limit at which the local people will 
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supply the ties. The liest ties procurable in a section can thus be 
procured for 4t5 to HO cents pt»r tie, and where common labor Is 
very cheap this price is cut even to 25 cents. On the other haikl^ 
the very best of large oak ties will often cost 75 to 80 cents. In 
view of the above variation in price, any estimates must depend 
on local conditions. 

io6. Raile. The fonn of rail section popularly known as 
the A.S.O.E. section, was adopted by a committee of the American«^ 

the A.S.C.E. section, was adopted 
by a comnuttee of the American 
Society of Civil Engineers in 
1893, after a great deal of discus¬ 
sion and study. That form is 
now us(?d by the most of the rail¬ 
roads of thfe country. The numer¬ 
ical dimensions and angles shown 
in Fig. 37 are constant for all 
weights of rail. The letters indi¬ 
cate the variable dimenrions, 
which a!*e given in the following 
tabular form: 
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Weight per yard in pounds. 
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Abopt 1900 the American Railway Engineering Association 
proposed't4*o types of sections (A and B). Series A is designed to 
meet the wishes of those who desire a rail with a comparatively thin 
head And high moment of inertia, and series B for th(^ who bdieve 
that the heid should be narrow and deep and that the moiluent of 
turiiia k comparatively uniipiporiant. The radius of the'upper 
coiw of the head is increased from to f*^6 side < 

heSi4| instead of bring left verti^, has a flare of 3^ . 

type and 3° far the B ty^pi^ IrTiOld, the Hail Cm^ittc^ . 
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F fW the A.S.C.E, sections were still extensively used and appar¬ 
ently had not been largely replaced by the proposed new sections. 
, The future in rail deagn which has excited the most discussion 
b the radius of the upp^ comers of the head. Rail wear begins 
there and raib with sharp comers will wear longer than those with 



brger radii. The rapidity of the rate of rail wear after the comer 
has worn off is one proof of this, and so from the maintenance oi 
way standpoint sliarp rail corners are desirable. But excessively 
sharp rail corners produce .excessive wear on the flanges of tlie wheels, 
not only wearing out the wheels quickly but even rendering them 
dangerous and liable to cause a derailment. The comprointse of 
' A'' radius, adopted in the A.S.C.E. design, was increased to 
in the A.R.E.A. design. 

Weight. The W'eight of 
rail that should be used on any 
road is an exceedingly important 
flnancbl and technical question. 

It is the larj^t single item of 
expenditure in the construction 
of a road, and the temptation to 
cut down the item by 5 per cent 
or iO per cent is very great. For 
•n ordinary sizes the price per 
ton.is uniform, and therefore a rednetion in weight per yard means 
a oqrre^ondiiig reduction in the cost. But it should be considered 
, tjhit whii u desired b a rail that has stiffmta and no 

]na<di it wei^s. 



Pig. as. Weber BaU Joint. 
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It can readily be proved that if all sues of rails had exactly 
similar crosB-seetions (which is nearly tme) then the stillness of a 
rail varies as the square of the weight and the strength varies as 
the I power. This means that if we sdd 10 per cent to the 

weight (and therefore to* 
the cost) of the rail we are 
adding 21 per cent to the 
stiffness, and over 15 per 
cent to the strength. As 
more concrete example, 
snppose that some desire 

piK 90 Bomiauo Bail Joint. make the Weight of the 

• rail for a road 60 lb. per 

yard, and otiiers wish to nse a 70-lb. rail. At 130 per ton (of 
2,240 pounds) the difference of cost will be $471.42 per mile of 
single track. Baton the other hand, although the cost is increased 
by 16| per cent, the strength is increased 26 per cent, and the 
stiffness is increased 86 per cent. The increase in stiffness is more 
than doable the increase in cost. Unfortunately there is no ab¬ 
solute criterion as to the amount of stiffness or strength required 
since it depends largely on the unknown, uncertain and variable 
tamping of the ties and the support which the ties receive from 
the ballast. But the above relative ligares hold good, and oonsid-^ 
ering that a stiff track means decreased rolling resistance, higher* 




Fig. 91. OnoUnnoiu Bail Jolot. 

« 

Speed and greater safety, a considerable increase in weight over 
that iidnimum on 'which It would be possible to ran Indns is jmt 
only justifiable but is a measure of true economy'. As a general 
etatement, it may be gait that 60 lb* per yard is the U^^test' 
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ir^^t whidb should he used on a standard gauge roi^ running 
ordinary rolling stock, no matter how light the traffic. Hoads 
with a hur business should have 704b. rails. The great trunk lines 
are relaying with 1004b. rails on the heavy traffic divisions, and 
usually have as heavy as 854b. rails on all but the small branches. 

Length. The standard specifications proposed by a committee 
of the American Railway Engineering and Maintenance of Way 
.^Association in 1903 contained this clause: Tlie standard lengdi 
of rails shall be 33 feet. Ten per cent of the entire order will be 
accepted in shorter lengths, varying by even feet down to 27 feet. 
A variation of ^4nch in length from that spec!tied will l>e allowed.** 



Fig. os. Wolbaapter Bail Joint and Section Through Ceiiwr. 


During late years much ex|)erimeuting has lieen* done with the 
idea of increasing the length of rail, and a consitlerable amount of 
rails of 45 and even 60 feet has btnjn laid. These have tl»e un- 
doubted advantage of saving a proportionate number of rail joints, 
which are always a source of trouble, but at the same time the 
^lowEDOe for expansion which must be made at every joint must 
be proportionately increased. The above rewnt standard spedflca- 
tion apparently indicates that the increase in length has not proven 

desirable. 

■97, Rail Jrfttts. The action of a heavy wheel rolling on 
an elastic rail is to cause a wave of elwticity to run in front of the 
.poiUt of contact * A perfect track is one that will keep that wave 

uniform, which requires that the rail jouit 
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should have tlia same strength and stiffness as the rail. Only a 
welding of the rails, making them continuous, would acoompUsh 
this. Any rail joint which is as strong as the rail is necessarily 
much heavier and stiffen Passing by the older fohns which have 
now become obsolete, we have in Figs. 88 to 93 the forms whi<di 
are now competing for adoption. The angle bar ” is still used 
mure than any other kind, but many of the other forms have 
demonstrated their reliability and fulfilment of the requirements 
as nearly as may be hoped for. Nearly all of these designs are 
na«*d exclusively as “susjwnded” joints rather than as “sup¬ 
ported’’ joints, the difference being, as the name implies, that a 
8us[)ended joint is plact‘d between two ties so that each end of the 
joint has an equal bearing on the ties; a supjwrted joint is set 
directly over a tie and hence must get practically its whole sup- 



pig. os. Atlaii Suapeaded Rail Joint. 


port fi'om that one tie, unless the joint is so long that it rests on 
the adjacent ties, thus making it a “ three-tie” joint. 

Angle bars are usually about 20 inches long. Of course, the 
bars, of whatever kind, should be so made that they will fit closely 
under the head of the rail and also have a close fit on the top of 
the fiange. This means that every rail joint must be made with 
special reference to the particular design of rail with which it is 
to be used and that it will fit no other design. For the smaller 
sixes of rails and oil light traffic roads, four-bolt angle bars are 
used, but the longer and heavier bars are usually made with six 
holes. The holes are made in a somewhat elliptical form and the 
track bolt has a corresponding form immediately under the head. 
The Ix^t is thus prevented from turning when the Hut is screwed 
on or off. The holes in the rail are made about inch hunger in 
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diameter than the bolt. This is to allow room for eX|Miii 8 ion of 
the rail due to teiuperatui'e. 

^ Insulated *Toint»» Rails are very frequently used to form 
an electric circuit as part of the system of signaling. As an Item 
in the system it is required Uiat certain joints shall l>e so made 
that no current shall jiass 
between adjacent rails. 

This requires the use of 
insulated joints. A plate 
of some insulating jna« 
terial is placed between 
the ends of the rails and 
even the joint bars, of 
whatever kind, must 1 h* 

,, , ft HrW InHuUt«^ Jotiii for Track (Irtuli 

made of wood, or if of 

metal must have the metal iusulattHi fiom the tails. One form of 



ffuch a joint is illustrated in Fig. 

108 . Tic Plates. Many of the suft•^^ocHl ties are very dun 
bte as regards decay, but are by the rail very badl^. Tin i 

is not dne to mere static jiressuie but to tbe w 01 king of the rail 
on the tie during expansion, and to impai't wlien the rail has 
become loosened somewhat fiom the tie and a wheel load suddenly 
• forces it down with a hammer blow. Th > cutting on curves is 
also dne to tbe excessive pressure produce d by the edges of the 
flanges which is developed by tire ceutiifugal action of the rolling 

stock. Another advantage in the 



Fte;Ba Tto Plata 


use of Ue plates lies in the fat't that 
the spikes are mutually Bup{x>rted; a 
spike cannot be fotced laterally in 
the tie witliout drawing tbe tic plate 
with it and this is resisted b;j( ail the 
spikes passing through the tie plate. 
The cost is insignificant compared 


with the added life of tbe tie, especially if it is a soft wood tie. 
The advantage with an oak tie is not so great proportionaily. 

It is very important that the spikes should fit the spike holes 
vrith but very little play, otherwise one of the primary objects of 
the plate wil| be defeated, and the rail will not be secure against 


1S& 
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Mr. M. Wulhaupter Tte Plate. 


lateral motion. Note that the ‘flanges on the lower side of tho 
plate not only stiffen it and make it much stronger structurally 
but they also secure the plate to the tie and prevent an objectionn 
able rattling. . The very presence of these flanges, however, re¬ 
quires that the plates shall be pressed or hammered on to the tie 

until the flanges penetrate to 
their full depth. This may be 
done with a heavy maul but it i.s 
best done by utilizing the hdmmer 
of a pile driver. 

Notwithstanding the popu¬ 
larity of flanged tie plates, several 
up-to-date roads are using only 
tie plates with flat bottoms, claim¬ 
ing that the punctures made by 
the flanges hasten decay or crushing under the plate, which is avoided 
with flat plates. A flat plate, designed for use with screw spiked 
(note the round holes) is shown in Fig. 97. 

109. Rail Braces. The pressure 
against the outer rail on a curve, and 
also the pressure against the inner 
rail when a train stops on a curve 
which has a considerable super¬ 
elevation, is frequently provided 
for by “rail braces” such as are 
illustrated in Figs. 99 and 100. 

Sometimes these are made of 
cast iron, but these are brit¬ 
tle and are apt to be broken 
by a blow from a spike maul 
when (be spikes are driven. 

'Die preferable form, although it is more expensive, is to forge them 
or “press” them from wrought iron or steel. In Fig. 100 is shown 
a foim which has a plate which runs under the rail wfucli time 
makes k a combined rail brace and tie plate. 

Spflces. The fundamental requirement of a spike is 
h^lldiag power, but it mnst also be dbeap, eatily a|qil»^ and 
CHisOy removed when necess^. It has been found ^t m«k- 
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ing the surface rough and even jagged, decreases rather than 
increases the holding power, and also destroys the fibre of 
the wood. The best form is a spike with plane and smooth 
•faces. The point shonld be made so as to mt the fibres of the 



Flff. SS Al Ian Tit* Plate 


Wood instead of crushing them. Hy this means the fibrtts are 
pressed outward and downward, and thus any upward pull onlt 
tends to draw the fibres back to their original jilaee aini so increau 
the pressure agains^ the spike and thus increase tin* friction and 
the holding jiower. The standard spikt* rails weighing more than 



PJg. 00. Atlas Bracf KK. FIk 100. AHaa llrura K 


56 pounds per yard is 5^ inches lung and inch s<|uare. There 
will be about 375 in a keg of 2<K1 |)ounds. On this basis, if the 
tiog are 24 inches apart and four are used jier tie, thc‘re will be n*- 
^uii«dti,632 spikes per mile or 28.16 kegs. Of course a consider- 
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PlB 101 I’rack HoltM 


able allowance must be made for loss and waste of varions kinda. 

III. Track Bolts. The track bolt must hare sufficient 
strength to hold the angle plates together with such force as will 
develop the fnll strength of the angle plates. And yet this must 

be accomplished so that the friction devel- 
ojied will not be so great that the rails may 

I-r*-Er ~ ^ slide in the joints during temperature 

. Il changes. On a straight track the contract- 
tive pull due to a fall of temperature is so 
I *! * great that no possibly gripping of the bolts 

could prevent slipping, but it is quite possi- 
I jf I' I ble that when rails expand, and especially 
when on a curve, the resistance to slipping 
might be so great that the track would 
bulge out of alignment instead of slipping 

PlB 101 I’rack HoltM , . . o , «. , X It 

ut tlie joints, buch an eiiect does actually 
take placid when the allowance for expansion is insufficient and the 
rails continue to expand after they liave butted end to end. 

Another requirement is that the bolts shall not turn while 
the nut is being turned. This is accomplished by aa enlargement 
of the bolt just under the head, as shown in Fig. 101* This fits 
fairly closely in a correajionding oval-shaped hole in the angle 
plate. The sixes shown in the figure are about what should be 
used w ith a 70 or 80-pound rail. Heavier rails require a longer 
bolt and one that is proportionately hca\ ier. The type of rail 
joint usihI, and also the type of nut lock if any, will determine 
the required length of bolt, while 
the weight of rail should deter¬ 
mine the diameter. Tlie diam¬ 
eters varj from | inch to 1 inch, 
and tlie lengths from 3 inches to 

5 indies. kb mm wastwr. 

119. Nut Locks. There are 


Pig 109 AJaxmmWaStwr. 


three types of nut lock—(<<) those which have an elastic enchfon 
under the nnt which absorbs the vibrations that would otherwise 
loosen die nut, (^) those by which the nut is made to gnp the 
bolt (by some unusual device) so that vibration will be ijMufficient 
to loosen it, and (c) the ^^poailive” type, in whv^ the locks erefte** 
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vwiitwl from turning by Bomedefiniteaiui paitive moi'-iianicjil chwk. 

The ** Ajax Tail WaBlier,*’ shown in Fig. 102, is a sample of 
jthe first class, although it also has some of the elements of the 
third class, since the 8liar)> steel |K)ints will tend to bite into l>oth 
the under side of the nut 
^ and the side of the angle 
plate M'here it rests 
whenever there is a tend¬ 
ency for the nut to turn 
backward. These points 
merely drag and slip 
when the nut is Iwing 
tightened. 

The Oolumbia nut lock, shown in Fig, 10>t, is m sample of 
the second class. The nut is compound, the inner piece htung a 
four-sided frustum of a j)yrami«l, the tnlges being rounded. This 
fits into a corresponding recess in the tmter piece. The inner 
piece is also cut through so that it may be slightly s<|nee/.ed 
together. The pyramidal form re(jnires i;oth ])ieees to turn t<< 
gether. ^Vh*m the out»‘r piece comes in «‘ontact \\ ith the angle 
e it is forcwl hack (relatively to the ininT nim*i wiiich squeezes 




](KI. Columtitjt Niii l.tki'U. 



FIk- IW. <ior<l<in Nut 

tb© inner piece together and causes it to grij» the holt. The more 
Ae nut is turned, the tighter the grip. 

The Gordon nut lock, shown in Fig. IDI, is a sample of Uie 
Hiirf elass, although it is designer! to l)e used only with the form 
angle plate ^which is shown.. In the form shown the square 
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nuts must be turned until one edge is exactly on line. A one* 
eighth turn forward or back will always accomplish this. Thus 
when the bar is slipped in all nuts are absolutely prevented from 
turning. The ai)ove designs have been selected as mere samples" 
of each class from a great multitude of designs of greater or less 
merit which are on the market. * 

LAYING TRACK. 

113. Surveying. After the eartliwork is completed and the • 
culverts and bridges are built, the center line of the track must be 
re-located on the roadkid surface of tlie fills and cuts. Reference 
points should have been estaldished during the original survey so 
that by tlie intersection of two radii swung from jxjrmanently 
e6tubii8he<l jM>int8 the In^ginnings and endings of all curves may. 
be re-located. Then all intermediate stations should l>e filled in. 
A Hue of levels should then run and the acrreement of these 



HIOIIT. WKOKC. 

t‘'lg. KV). Ulght tiiul Wrong Metlioil of Laying Tivs. 


levels with the designed grade shonld be determined. If the levels 
of the cuts and fills has Ihhui followed with sufiicient closeness 
during construction, there should he nodiscrtijmncy except that the 
levels of fills should l>e somewhat higher than that caUed for so as 
to allow for subsequent settlement. 

114. Laying Ballast.' Tliis has already bwn discussed in 
§ 104 , as has also the policy of laying the ties and rails first and 
then dra^'ing the ballast in a construction train on the poorly 
supported track. 

115. Laying Ties. If the ties have been sawed to an exact 
length, the alignment of one end will of course line up the other, 
but w^heii ties have U^eu hewed and cliopj)ed off and sometimes even 
when they have been sawed, there is a range of several inches in 
tibetr length and then it is required that ^ey shall be aligned at 
one end or tbe other. A little ^tck may be iurnished the track*' 
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men as a spacer, hut with a little ex|.ienence they will space the 
ties as closely to the requinni 8{>acing as is necessary. The ties 
•should always la* laid with rinp;b coii\c\ upward rather than con- 
cave. Of course a jxde tie. when it is jHwfwtly synniietrioal, will 
be the same either M’ay, but there is Ubiially a choiets as is shown 
by the figure. When the rings are concave upward there is a 
greater chance for Mater to soak in and cause decay. Turning the 
.tie the other way, the water will sIuhI olf more frtiely, 

ii6. Laying Rails. Hails should be laid so that the joints 
are staggered ab near^'as |)ossib]e. This requires a half-rail length 
at the start. But the dilfeivnce of length of the outer and inner 
rails of a curve will disturb the arrangerneiib of the joints, no 
/natter how |K*rfeetly it iiiay start. These differenees may l>e neu¬ 
tralized hy selecting rails which are a foot or two shorter than the 
usual length. But the occurrence of a switch will r(H]uire a nwl- 
justiiient of the joints, and may re<piire a rail eutting so as to bring 
a joint where <lesired. Very short lengths of rail should la* 
avoided. If a full length rail eomes a few feet short of a poinr 
where a joint untMf he made, it should he (Mit so that la^th pieces 
shall have a fair length. The rails an* first laid ap])roximately in 
position and end to end. 

When placiiig the joints on the rails, »U«>wance must be made 
*for rail expansion due to tempi*mtnre. Tin* iheoretical amount to 
bo allow'ed is of the leiiglh for cHch degree Fahrenheit, 

If it could lie readily determined just what is the tem|H.*rature of 
the rail (W'hi^h is {lossihly much higher tiiaii that of the air) at the 
time the railtsjaid and also the highest and lowest Umiperotiire 


that it will ever attain, the problem wouhl 1 m* comparatively simple, 
but the fact that these quantities are so iinc«*rtain seem to render 
useless any attempt at an exact calculation and to justify the rough 
and ready role of “allowing ,'’(j inch for coldest weather, inch 
daring the spring and fall, and j»j-inch during the very hottest 
weather.” The allowance of ,‘0-inch during the very hottest 


weatbmr is apparently based on the idea that the rails should never 
be allowed to butt up against eacli other, for then any additional 
expansion will cause the rails to buckle. If a rail was laid when 
•ita actual temperature was 6(f F., its length of feet would be 
increMed hy about | inch if its temperature were raised to 
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120^", m nii^ht reudily liap{K;n under a burtiing guuimer sun when 
the temperature of the air fn tl»e shade was j)erhap8 100”. A pr^* 
tical nieth(Mi of making an allowance w'hich would be sufficiently 
accurate would he as follows: Place a bulb thermometer (one 
without a metal frame) so that the bulb lies against the rail ano 
then cover it up so as to protect it from tlie air and so that it will 
assume the teui})eratnre of the rail as closely as possible. The 
exjmnsion of a 33-foot rail for each degree is 

.0000005 X 33 X 1^2 .002574 inch. 

If we allow 12(r (some allow 150") as the maximum beyond 
which it is ussumed that th<* tem^)erature will never rise, then the 
ditfereiice between this maximum and the ascertained temperature 
of the rail, when multiplied by the above allow’aiuw })er degree, 
<>(|uh1s the gap to be allowed at each joint. Strips of sheet metal 
of the re(]uired thickness should bo furnished to the trackmen. 
These strips ^are place<l tem|K)rarily iKstw’cen the rail ends which* 
obviates any necessity for nu'asuring on their part. When the 
joints have been bolted up, one line of rails is spiked so that they 
are at the pro)H‘r dislanct? from the ends of the ties. Then by using 
a “track gauge” at every other tie the other line of rails may be 
spiked down. The intermediate ties are then spiked. “ Standard’* 
gauge, which is in almost universal use in this country, is 4 feet 
H-h inches 4.70>i feet. Althotigh the gauging should be all right 
for these other ties, the gauge should t>e at hand to check the 
previous work, eB|au!ially if it is on a sharp curve. Track instrnc- 
lions fre(piently spt*cify that rails should l)e previously bent before 
laying around curves, or in other words, that the rails should have 
the pix)|)er, curve w'hen lying fn.*ely 6n the ties. Of course the 
Jieccssky for this increases with the degree of curvature, it being 
unnecessat^ for very easy curves. 

The practical trouble comes at the joints; the rails instead of 
having a 'common tangent will intersect at an angle which is de- 
Bimctive lx>th to the track and the rolling stock when trains are run 
at high-speed. The ideal tnethod is to have the rail liending done 
, roller in a rolling mil! and this method is almost a necessi^ 
ifor the very sharp curvature employed on some electric roads. 
The field %iethod is ,to use a ‘*rail bender” which bends the rul in 

ust 
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lengths of about two ft?ot and which must he operated very care¬ 
fully and skilfully to avoid ruining the rail. A mil is bent until, 
• when a string is stretched from the inside of the head at one end 
to the inside of the head at the other end, the distance from the 
middle point of the string to the inside of the head 
^ the middle of the rail is as computed Mow': 

In Fig. 106, since the triangles AOE and 
, ADC are similar, AO : AE AD : JK\ or It =- 

-g- AD* .r. Wheq as is usual, the arc is very 

short comjiared with the radius, Al) = Ali 

^ • 

very nearly. Making this substitution, we have 

cluird* 

H.r tienr\y) (54) 

Inverting the formula we have the formula re<|ulred for present use; 

chord* 

Sit ('"*’•7 nearly) 

Although not mathematically accurate, the niaximnm error in any 
practical case is far within the attainable H<'.enraey using a siring. 

• Example. What should be the middle »rdinate for the onUir 
rail (33 feet long) for a 6 degree curve { We will call the chord 
33 feet since the slight inaccuracy involve<l only tends to neutraU 
ixe the inaccuracy of the formula. K055.37 + — 057.7 jJ. 

Then 33* (which equals 10>S9) divided hy (S x 057.72) *= .142 
f^tor 1.70 inches. If a similar ealciilaliun is made for the inside 
rail the difference in the ordinate is less than .01 inch, which shows 
that unless the curvature is excessively sharp there is no lu^l to 
make the allowance for half-gauge (2.35, as is done,abovii^ npr even 
to use great accuracy in. the decimals. A table giving the middle 
ordinates for 33-foot rails for different degrees of curvature is a 
desintble part of the equipment of each trarik foreman. . 

The spikes on the opposite sides of a rail should he driven' 
«stsg^ring,** so that there will be less tendency to split tire 
.'Die direction of the staggering should be reversed at the jlwo ends' 
cd the tie, so as to prevent a loosening of the bold of Ulh spik««8, 

t 

t4S 
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such as would occur if the reverse method were used and the tie 
were to bcc-oine displawd and not perpendicular to the rails. Such 
an item of construction, while very simple, is of vital importance. 

117 . Surfacing.* Track centers (stakes) having been placed 
in line, the alignment of the track is made jjerfect. The rail lay¬ 
ing should have been doiat with the rails a few inches below their 
proper grade. Then jacks are placed under the ties (or rails, as 
most convenient) and the track is raised to grade, as given by 
grade stakes which should have been previously set. Using tamp¬ 
ing picks or shovels, the ballast is jammed Under the ties until 

they are solid at the desired grade. Picks or 
tamping bars are best for tamping broken 
stone ballast, but gravel can be most easily 
tamped with shovels. 

118. Super-elevation of the Outer Rail 
on Curves. It is one of the demonstrations, 
of }>bysics that the force required to make a 
mass move in a circular path equals 
^li, in which G is the weight, v the velocity 
in feet per second, g the acceleration of the 
force of gravity in feet per second in a sec¬ 
ond, and R the radius of curvature. If the 
rails on a curve were level traiisveraely, such 
a force could only be furnished by the pres- 
sure of the wheel flanges against the rail. To 
avoid ill is objectionable pressure, the outer 
rail is elevattMl until the inward component of the inclined wheel 
pressure ecpials the computed centripetal force required. 

In Eig. 108, oh may represent the resultant pressure on the 
rails at* the same scale at which oc represents the weight G. Then 
tw is the required centripetal force. From similar triangles, we 
may write mi ; urn y. ao \ 00 . Call g = 32.17. Call R = 6730 
-4- I), which is sufficiently accurate for the purpose. Call« =»' 
6280V -4 8(>00, in whiqh V is the velocity in miles per hour. 
ftm is the distance lietween rail centers, which for an 80-lb. nul 
and standard gauge is 4.916 feet; sm is slightly l^s than this. Am 
an average value, caU it 41900, which is its exact value when tho 
shper-el^v^ion ^s 4| inches. Calling sn c, we have 
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_ ao _ 1 4.9 X 6280''V»D 

<w ^ O ~ 32.17 X 3(W X 573? 

= .0000572V*d' (56) 

Studying the above formula, it will first be noticed that the 
required super-elevation varies as the nqmrc of the velocity, which 
means that a change of velocity of only 10 per ctmt would rwjuire 
a change of super-elevation of 21 per cent. Since train velocities 
• over any road are so very variable, it shows that it is impossible to 
make any super-elevation fit all trains even approximately. Tliere 
are several approximations in the above formula, but none of th ^m 
will affect the result as much as a change of less than one per cent 
in the velocity. 

Practical Rules. A very simple and commonly used rule is 
to elevate one inch for each degree of curvature. This rule agrees 
witlithe at)ove formula when the velo<jity 
js about 38 miles per hour. If a train is 
running slower than the Sfxxsd for which 
the super-elevation was designed, the 
practical effect is to relieve the pressure 
against the outer rail which -still exists in 
spite of super-elevation on account of the 
^ necessity of turning the groups of four 
or six wheels under a truck or engirn*. KIk- lo«. 

Therefore the better plan is to elevate for 

the fastest trains. Thirty-eight miles an hour is so near the max¬ 
imum for a light traffic branch line, that the. above rule is very fair, 
although, of course, not so good as a more accurate one. 

Another rule, which is esjiecially good for track maintenance 
when the track foreman may not even know the decree of curve, is 
developed as follovrs: Assume that jp in'equation 55 is equal to a 
in equation 56, and we have 


(57) r 


^ chords 

■"W 

but since D = 5780 
chords 
ehdffd 


= .0000572 V^'D 

-f- R, we have 
= 2.621 V* and 
« 1.82 V 
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Assuiiih that the limit of 50 miles per hour is set as the 
speed ef, the fastest trains, then chml — 1.62 X 50 = 81 feet. 
This ineaiis that if a string or tape, having a length of 81 feet, is, 
stretched between two points at that distance apart on the inner 
head of the outer rail, the length of the ordinate at the middle of 
the string equals the required super-elevation for 50 miles per 
hour. Similar computations can l)e made and tabulated for all 
other desired speeds. On double track, since the speed on an 
ascending grade will almost certainly be less than the speed of 
trains coming down that grade, there should theoretically be a 
difference in the super-elevation to allow for this difference of 
speed. On some roads the track instructions contain specific 
instructions to allow for this. 

SWITCHES AND TURNOUTS. 

119 . Switch Constructibn. The universal method of keep¬ 
ing the wheels of railroad rolling stock on the rails is to put 


•o 




flanges on the inner edges of the wheels. When the wheels are to 
be led away from the main track, it must be done by ereatiiig a 
new pathway for these flaiigeB. This is done by leadii^ the wheel, 
flanges the rails or by raimng the wheels snfficiesliy so 
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that they may pass over the rails. Both metliods wijl be de¬ 
scribed. The method of U>aditi^ the dauges through the rails is 
most cominouly used since it does not rinpiire raiaimj the rolling 
stock over the rail. 

When the rails are first led out from the main track, it must be 
done by one of two general methods, the stub-switch method, 
illustrated in Fig. 109, or by the |)oint.8wituh method, illustrated 
in Fig. 110. Of course these figures are only diagrammatic and 
it should be at otuMi) understood that iu tiiese figures as well as in 
many others in this chapter, it has been necessary to use vary 
short radii, very wide gauge, and very large frog angles in order 



FIk. ni. I>etanH of Poliif S'A'itoh. 

to illustrate the principles by figures which are suitable for the 
and which would at the same time Ije intelligible. 

Tlie use of the stub switches is now confined to the cheapest 
of yard work or private switches which run off from sidings. They 
should never be used in any main track. Their construction may 
lx» implied from Fig. 109. The pair of movable rails are tied 
together at the proper gauge by tie rods. The two pairs of stub 
ends are of course fiixed. Ibe details of a point switch are illus¬ 
trated in Fig. 111. Note that one rail on each side is absolutely 
unbroken. *!nie other roil has nearly all of the h€»d cut away and 
a part of one flange. The other flange and the web, with that 
part of the head immediately over the web still remaina. tie 
rods wMch are clearly shown connect this pared-down rail witii a. 
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similar rail on the other side. The last tie rod has an extension 
to which the switch rod from the switch stand is attached. The 
moving rail slides on tie plates which have rail braces on the outer 
ends which stiifen the rail against the unuanal lateral strain to 
which it is subjected. The angle of these switch points varies from 
0® 52' to 2® 36'. 

Switch Stmuh. One type of switch stand, which also com* 
bines a semaphore (or signal which shows its ]K>Bition)i8 shown in 



Flff. 113. Switch Stand. 


Fig. 112. The mechanism is of course covert, the cover being 
iudicahiHi by the faint lines. The type shown is but one of a 
niulritude for which there is no space We. 

OuaTtl Hails. > Tliese are shown opposite the frc^ in both 
Figs. 109 and 110. They obviate any danger of the wheel ran- 
tiing on the wrong side of the frog point and also save title fr^ 
point from excessive wear. The £ange-way space bOtwiseh the 
heads of the guard rail and the wheel rail ranst theri^dro hot 
exceed a definite quantity, which is made about two inches. Siniw 
diis is l€«B than the dii^t^noe between the heads of two ordinary 
sined when placed base to bawV td say' nothing of any spate 
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for spikes, the base of the guard rail must l)e cut away somewhat. 
These guard rails are made from 10 to 15 feet long and are lient a 
few feet from each end so that there shall be no danger that a 
wheel flange shall strike the ends. 

Froy», When the outer switch rail reaches the opposite 
main rail, the wheel flange must either pass the head of 

the main rail or the wheel must Ikd raised so that the flange may 
pass over the rail. The most commonly used frogs are tliose of the 
type of which the wheel flange passes through the head of the rail. 
Tlje geometrical outline of such a frog is shown in Fig. 113. 

The frog uumher may be found by dividing the tlistance from 
the “point” to any chosen place by the width of the frog at that 
place, or in the figure -f- uh. Hut since c is the imaginary 
intersection of the sides produced and is not easily determinable 
with a(»!!nracy on the frog, it is sometimes e^wicT to measure the 



Ftg. I IB. Diagraiii >>< Trog. 


width at two places {&i and Ob') and then divide the sum of those 
widths^ by the total distance this will give the same result as 
before. This measuring may \m done with any convenient unit of 
length such as a pencil or a spike. Find the place W’here the 
width of the frog just equals the nnit of length and then step oft 
that distance to the “point.” The fundamental objection to all 
frogs of this type is that they make a break in the main rail 
which causes a jar when a train is run over the frog at high speed. 
If the frog is made “stiff” as is illustrated in Fig. 114, the track 
has the advantage of being literally hut the wheels have to 
run over the gap. The design shown in the figure aims to obviate 
any drop of the wheel at any point and this will l)e fairly accom* 
jfliriied as long as the hardened steel faces cau resist the wear 
it veiy severe in the older and commoner designs. 
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The ^^Bprin^.rail ** fr(^, illnstrated in Fig. 115, is an attempt 
to obviate the gap for main line trains. Wheel 
Hanges rnnningon to the switch force back a por. 
tion of the main tracrkrail which is normally held 
in place by a heavy spring. Running on to the 
switch is supposed to be done at comparatively 
slow sjjeed, which permits the rail to Iks forced 
back without danger of derailment. But since 
the main rail is kept in place by the pressure of a 
spring, the frog lacks the stiffness of a “stiff” frog. 
The method of raising the wheel and carrying it 
over the main rail is illustrated in Fig. 110, which 
sliows one of the many devices to accomplish this 
end. The method has the very positive advantage 
of leaving the main tmck absolutely unbroken. 

^ In Fig. 117 is shown a method of avoiding a 
break even at the switch. The switch rails are at 
the level of the main rails at the switch point but 
gradually rise higher until the wheel flange is 
high enough to cross over the main rail. Such 
a switch must Ihj operated at slow speed. 

120. Mathematical Design. In all of the 
following demonstrations, the track lines repre¬ 
sent the gauge lines or the lines of the inside 
head of the rails. The older formulas, which are 
still in extensive use on account of their simplic¬ 
ity, all assume that the switch rails are bent to 
arcs of simple curves extending from the switch 
point to the frog, and that they are tangent- to 


I 




• Section A-A 

Fig. 114 . AnvU-face Prog. 

the main rails at the swib^ point. On account of its^oommOD 
use and also because i^ forms a fitting introduction to the in<m) 


m 
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exact metbod, it will be 
given. In all of the fol¬ 
lowing deiuonstratiouSf 
the following notation 
will, for simplicity, l)e 
kept uniform. li will 
represent the radius of 
curvature of the main 
track, if it is curved, 
and r is the radiug of 
the switch rails. K will 
always represent the frog 
angle, and </ the gauge 
of the track. L will rep¬ 
resent the ‘‘lead” or the 
distance measured on 
’ the main track from the 
switch [)oint to the 
frog jK)int F. 

The angle FOl) in 
Fig. 118 equals the angle 
F, and BD is the versed 
sine of K to the radius 
FO. From this relation 
we may derive the equa¬ 
tion 




also, since BF -- BI> - - 
cot-ir, BD = y and 
BF s= L, we have 


L = <7 cot-^F 
Also, ' 



(59) 

sin F 

(60) 
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and QT = 2r Bin F (6l) 

All of tlie above formulas involve the angle F. Reference to Table 
111* will show that with one chance exception tlie values of F are 
always odd and the accurate computation of their trigonometrical 
functions is tedious. Fig, 110 shows that the ratio of the length 
to wislth of a frog, or po -f- which is called «, is also equal to 

cot -;)“F. This relation can be used to derive the following 

marvellously simple formula'; 



Fig. 118. 

11 

Kince L ~ f/ cot — F, and* n — cot F, we may at once 
derive the equation 

L = 2^n ( 62 ) 

But in Fig. 120 the line QZ, drawn midway be^ireen the railfl^ 
bisects 1)F at Z and also, since DQ is one-half of jDB, QZ is one- 

half of BF or = ^,OQ = r and the angle ZOQ =-^ S', 


•Sm “Trigonometric Tetdee,” imbUelieS by Americim School of Ooit*n> ead > 

«ae«.Oiliohgf^XlL PricA'SOc* 
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Then r -i- L ~ cot F, from which 

r = «L (63) 

Combining equations 61 and 62, m'c have 

/• = 2^r«» (64) 

The above relations only lack the merit of correctness of 
application to make the whole subject very simple. They were 
first devised when stjib switches were in universal use and although 



Fig. 117. 


it is theoretically |) 08 Bible to make a stui) switch conform to these 
lines, it is Impracticable even there. But with point switches, 
which are in almost universal use, the switch rail makes an angle 
varying from 0® 52' to 2® 36' with the main rail. The frog rails are 
also made straifl^t. 

The e£^tlbf ebch of these changes, taken separately, is to 
shorten die lead. The combined effect is to shorten the le^' from 
15 to 2,5 per cent. In Fig. 121^ DM represents the straight point 
f«U and HF the straight frog rail, the two being connected by the 
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arc MH, tangent to both. The central angle of this arc is there¬ 
fore (F — a), a being the angle (MDN) of the point rail. The 

chord Mil riiakeB an angle with the main 



(/• + ■ 


I 

k> 



f/- f fiin F-X’ 

(F 4 a) sin ( F- a) 



✓ 
t 





" (r/ “/fl>» I*’ - ^■) cot (F + a) + f 
cos F 4 DN (67) 

('’ H" 9 ) already been computed, 

numerically from equation 65, it will be 
more simple to compute L as follows: 

11 1 

I L=: 2(r4--^^)Bin-^(F-a)co8-^ 


***• *“■ (F + a) +/COSF + DN 

{»* 4" y) (sin F a) +/co% F 4* DN (68) 
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If the lead is computed for a turnout from a straight track 
using a No. 9 a straiglit |)oint rail and frog rail of thediinen> 
aions given in the middle section of Table III*, it will l>e found 
that the lead becomes 72.61 instead of 84.75, the corres]K)nding 
dimension assuming that the 


lead rails were circular through¬ 
out. Table III* was computed 
on the basis of the above e<]ua- 
tions and the {K>int switch di¬ 
mensions which are in ceneral 
use. The two references to set*- 
tion numbers in tbo ialde are to 
sections in ^Vebb’s “ I tail row! 
Construclion,'’ from which the 
tallies were taken. 

121. Turnout from the 



Kia. 121. 


a 


•Outer 5 ide of a Curved Track. When it is attempted to compute 
the dimensiouB of a turnout, from a curved track on the ha;-! • of 
using straight point rails and straight frog rails, it not only renders 
ihe demonstration exceedingly complicated, but it would involve 
assumptions regarding the mechanical construction which probably 
*. ould not be followed in practice. Therefore the following dein- 
onstration is given with the [MirjwstMif showing the effect on the 



FIjf. 122. 


switch dirnensior^ of curving the main track, the switch roils being 
circular throughont, and then drawing a reasonable infereoetj as to 
the dimausioDs whicdi should 1)6 followed for point switches from a 
curved main track. In the triangle FOB, in Fig. 122, ire have 

W«Mf« iqr AB>eric»a (Muiol of CorrMpcNBtf^ 
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(FC+C’D): (F(’-(T)): : tan^ (FDC+DFC) :'tan~(FDC -DFC); 

JL m 

biit-l- (KlH' + nF*') =!I0°-4- ». and 4-(FDC- DFC) 

2 Z It Z 

also FC+I’I) = 2R and FC~(i:)=^; 

1 1 « 

211 : : cot 0 : tan F 

z z 


cot K ; taa 0 




tan 

T ^ “ 'ir 


Also, OF 

: VC 

:: sin 0 : 

sin <f>\ but ^ 

1 

I 



1 i 

. 1 \ 

sin 0 

then 

..f. 

.) !/ ^ { 
f 90 

It "f" “o </ / ~— 
k 2 'Vstn 

'jFZ-'ei 

The lead, 

JiF - 

- L -- - 2 1 

(k \ </) sin \ 0 

^ tm ' 


(69) 

( 70 ) 

(71) 


A study of the three equations above will show that as the 
curvature of the main track increases and Tl grows less, tan 0 
increases and 0 increases. Then (F - 0) decreases and r increases. 
Wlien 0 “= F, as it readily may, (F - ^) = 0 and /• l>econie8 infin* 
ity, that is, the switch rails become straight. If 0 becomes greater 
than I', sin (F-0) becomes negative and r becomes negatit»). 
Tlie interpretation of this is that the center of the switch track will 
l)e on the same side as the center of the main track. The figure 
will then corresjK)nd with Fig. 123 except that the positions of O 
and 0 and also of ^ and 0 will be transposed and also that ** main 
track^ should read ** side track.” Equations 73 and 75 will be 
the same as before, but equation 74 will be changed to 


1 V 1 . sin ^ . 

('• - -.1- ff) = (R + -g- 9) -r) <7a) 


If we call tf the degree of curve corresponding to the radius r, 
D the degree of curve corresponding to the radius R, and d* tim 
degree of curve of a turffOut from a straight track for the same 
bog s^lo F, it ^ill he found that' d = d' -D very nearly^ It 


ijie; 
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will also be found ^lat tbe *Gead ” aaeoinpnted above and as com. 
pnted for a straight track will agree to within a few inches and 
, frequently to within a fraction of an inch. 

Ssaample: Compute from the above equations the values of 
L and r (and then of d) for the cases when the main track has a 
4" degree curve and when it has a 10' curve; solve them for nuin. 
bt^r 0, 0 and 12 frogs. Tliis makes six cases. Compare them wdtli 
values computed by the a{)proximate rule. ^ 

III all these cases it may be shown that the discrepaAcies are 
very small. If suclw calculations are made for very sharp curves 
and for very large frog angles (which must be considered as bad 
pmctice), the discrejiancies would be considerable, but since' snch 
turnouts (if ever made) should be operated at very slow^peeds, the 
errors would have but little practical inqiortaiKre. Therefore w'e 
are justified in applying the approximate rule for turnouts from a 
curvwl track -use the same “lead” as for straight track; the de. 
•gree of curvature for the switch rails to tin? of the main 

track will Iw the differefU'c of the degree of curve for the ir»jin 
track and the tabular value for*the degree of curve of the sv\i}.:h 
rails; for a turnout to the innuh'. of a cnrveil main track it may lie 
similarly shown that the projKW degree of curve for the switch 
rails is the Hum of the degrees for the main track and the tabular 
value for tbe switch rails from a straight irack. 

Also, since it may be shown that the effect of using straight 
point rails and straight frog rails is to shorten the lead and to lesson 
the radius in approximately the same proportion, it may Ui assumed 
without material error that we may apply the same rule as above, 
and instead of taking the values of “ lead ” and “ degree of curve ” 
for the switch rails from the tabular form which uses circular, 
switch rails throughout, we may take them from the revised form 
nsing straight switch rails and straight frog rails and apply the 
same rule. 

122. Turnout from the Inner Side of a Curved Track. By 

the formation of precisely similar equations as were used in the 
pcevidos section, we may derive tbe equation 

tan-i^ (73) 


m 
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From the triangle OFC we may derive 
OF : FC Bin ^ : sin (F + ^)» from which 

('■ + I =° (“ - T 9) 


Tlie lead BF 


L = 2(R--^r/) 


Bin 6 

sin (F -|- 6) 

1 \ . 1 


Bin 


(74) 

0 (75) 



Fig. 128. 


The detail« of the solution of the 
alx)ve e(T[uationB should be worked out 
by the student; also a numerical dem¬ 
onstration of the fact, already referred 
to, that the degree of the turnout {jl) 
is very nearly the Mnm of the degree 
of the main track (D) and the degree 
(^/') of a turnout from a straight 
track when the frog angle is the same. 
It will bo found that the discre^iancy 
i n tliese cases is somewhat larger than 
in the previous case, although it is still so small that it may be 
neglected when the curvature of the main track is small. An in¬ 
spection of the figure will show that M’hen the curvature of the 
main track is sharp the curvature of the turnout is very excessive. 
Huch conditions should 
be avoided if possible, 
that is, a turnout should 
not be located on the in¬ 
side of a very sharply 
curved main track if it 
can be avoided. 

123. Numerical 
Exam'ples. 1. Deter¬ 
mine the lead and the ra¬ 
dius of curvature for a 
turnout to the outside of 

a ^ dO' cnrve using a No. 8 frog and a point switch. 

2. Determine the lead and the radius of a curvature lor a 
turnout to the inside of fk 40' curve using a No. 7 frog and. 
point switch. 






y| 


*-■•4 


Fig. m. 
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In each of the above examples nse the switch point angles, 
length of switch point and length of straight frog rails as given in 
Table III*. / 

• 124. Connecting Curve from a Straight Track. The **con- 

necting curve” is that part of the siding l)etween the frog and the 
jioint where the siding becomes fuirallel with the main track, or 
the distance FS in Fig. 124. (^all d the distance lietween track 
centers. The angle FO,R must equal the angle F. Jf we call / 
the radius of the (»>nuecting curve, we may say 



izJL 

vers F 


(76) 



Tlie distance FR may be shortened somewhat by the inetlnMl 
*indicated in Fig. 129. Theoretical accuracy would apjmrentiy re- 
quire that we should consider a short length of straight tmrh at 
the point F. The effect fiiay readily he shown to shorten the 
radius r'and to shorten the distance FR hy an amount exactly 
equal to the length of the straight 
frog rail, but in actual track laying 
such a procedure might be consid¬ 
ered a useless reiinement. And 
therefore in this case as well as in 
the succeeding similar cases, the 
effect of the straight frog rail w'ill be 
ignored. It should likewise be noted 
that the figure has been drawn for 
simplicity as if the switch rails were 
circular. But since the ]X)int has 
no connection with the demonsira i-^Ty. 

tion, it is immaterial what is the 

form of the switch rails back of F. This same remark applies to 
the following similar demonstrations. 

12L Connecting Curve from a Curved Track to the 
. Outside. As in the previous case^e only required quantities are 
tjbe radius r of tiie connecting curve from F to 8, Fig. 125, which 

\ ^ Wabir* "Trisoadmetne Tablas,” imbUalwd hf AmolcanSeboolofOorrMpoiid- 
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rauat be determined from r and the angle ^ (= F + From 
the triangle OSF we may write 

CS + OF : OS- OF :: tan~(OFS + OSF) : tan-J-(CFS - CSF)' 
but-^(OFS + CSF) = 90'* since the triangle 0,SF 

is isosceles, A (OFS - CSF) = 


2R d\d ^ g :: cot ^ ; tan F 

1 1 . 
:: cot h ; tan 

. 2/i (d - {/) 

2 ^ 2K + d 


from which 

(78) 

/ 


From the triangle 00,F wo may derive 

r —^ f/ : R 4- 'o* tf :: sin ^ • sin (F -f ^) 

1 . 1 \ sin ■'F /— 

••• v — + '2 ‘'lain (F'4^)’ . 

Alao F8 = 2(»--A-,)sin g- (F+2') (80) 



and finally that 



126. Connecting Curve from 
a Curved Track to the Inside. 

There are three solutions accord¬ 
ing as F is greater than, equal to, 
or less than In the first case, 
we may readily deduce, as in the 
previoiA section, from the tri¬ 
angle OFS (see Fig. 126) that 

(2R - <^) : (c? - gr) ;; cot ^ 

: tan 

2R - J* 
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And «8 before, in equations 7S and 79, we may derive 

ud re -a(/- y )»m 4- ( ■■’-+> (83) 

When ?= F, equation 80 will Wonie 

1 ,, 1 2u (d - (A . ... 


tan -rr y 


2u (d - (A , , . , , . 

d ^**^**** winch we may derive 


211 - d/ = 4«“ {d - (/) 

This e<}uation gives the value of R 
which makes this condition possible. 
If we make F - 'F in equations 81 
and 8!^, we find in the first case that 
/' is infinite, which means that the 
track is straight, and in tlie seeond 
ease that FS' - infinity times zero, 
which is “indeterminate.” Ihit from 
the* figure itself ^e may ivadilj see 
that 

re=-(u .Vf/)i.in'l' (85) 


(84) 



Fig. T27. 


When F <; 'F we inay <lerive the value of tan ^F to lie the 

• #2 

the same algebraically as in 
e({uatioii 81, although the 
II I j figure is HO different. By the 

/ \ j I 11 same method as before we 

\ / / /j'/ <!***'*ve for the value of r 

/ >4/ tho wluation. 


/• 1 I 


sin^ 


Fig. 128. 


4180 ' n . 

«.■ . i ^ ♦ t ' 


(«■ + 4' y) 2 
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137 . Crossover Between Two Parall^ Straight Tracks. As 

ill the previous cases, altlioiigb the figures are drawn for simplieitjr 
with switch lails as simple curves, the demonstratioos. only. 

involve the frog angles and the na¬ 
ture oj, the track beyond the frog. 
The better method is that shown by 
the full lines, when the track is 
straight between tlie frc^s. But, 
this consumes so much of the main 
track (many tihies what is indicated 
in the distorted figure) that a re¬ 
versed curve (as is indicated by the 
ilotU'd curves) may be used. The 
length of the straight crossover track 
is F,T. 



F,T sin F, + </ cos F, i=s d - g 

d - (j 


F/r 


(f cot F, 


( 88 ) 


sin F, 

Hie total distance along the track is 
1)V D.F, + YF,+ D.F, + XY - YF,+ F,D, 

but X Y =(^/ - g) cot F, and XF,, — </ -5- sin F, 

D Y=r),F,+ {(i -g) fot F,- 

(89) 

If a reversed curve with 
equal frogs is used, we will 
have the construction as is 
indicated by tlie dotted lin^s, 
and we have 

vers $ ~ ( 9 ®) 

also 

DQ = 2/* sin (^0 



Fig. 180. 


If it sliould for a^.reason lie necessary to nse frogs of differ 
ent |iae8, it may be done, bnt the point of reversed curve, inateid 


KAILK(\\D EXr.lNEERim; 


nf being in the exact center, will l)e as ia indicated in Fig. 180. 
In this case we will have 

vers $ + ?•, vers $ ~d 


vers $ ~ —^ — (92) 

The distance along the track 
will depend, as before, on the 
length of the “lead” for each 
switch. If it were circnlar, 
as indicated in the figure, we 
would have 

B,N = (y, + n) sin 0 ( 93 ) 

but the true lead for [)oint 
switches would be less than 
•this by the difference Imj. 
tween the true L and (y -4- 

-i j)r)8inF. Tlierefore, this Fig. l.Jj. 

correction should be computed and subtractiHl for each switch. 

laS. Crossover Between Two Parallel Curved Tracks. In 
the previous case there is no practical liinitation as to frog umn- 
bers, but in this case there are limitations on what frogs are per* 





FJff. i;jj. 



Fi(f. 1»2. 

mlasilde. If the connecting track is straight, there are stiU three 
depeudii^ (m the value of as in section 121. Two of 
^Mte iUustrated in Figs. 131 and 182. The following 
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derruinstrations apply to both figures. If one frog (F,) is chosen, 
then F, becomes determined as a fiinetioii of F,. If F, is the angle 
for some even frog number, will in general be an angle that 
does not correspond to any even frog number and therefore will 
need to l3e made to order. If F, is less than some limit, depending 
on the width (</) between the parallel tracks, it will be impossible 
to have a straight connecting track, and at some other limitation 
it will lie impossible to have the reversed curve connecting track 
shown later. In Figs. 181 and 182 assume F, as known. Then * 
FjH = ^ sec F,. In the triangle HOF, we liave 

sin HF,0 ; sin F,IlO :: IIO : F,0 
but sin F,HO = cos F, ; 1IF,0 = 90'’ 4 F,; sin I1F,0 = cos F,; 

no = R + K,; F,0 = 



i) ^ ^ if ~ 9 

cos Fj = cos F,- - —j-j- (9^) 

Knowing F„ 6^ is determinable from equation 69. To detennina 
the relative position of the frogs F, and F,, 

HOP, =» 180*’ - (9(F - F,) - (90® 4- F,) = F, - F,; then 

OF, = 2 (K + 
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If the counectiug curve is lufuie a reversed curve, as is shown 
ill Fig. 133, the frogs F, and F, may be chosen at pleasure (within 
• rather close limitations, however), and this will usually permit the 
luloptioR of regular standard sizes and will not necessitate the inak- 
ing to order of s[)eeial sizes. We may llien consider that F, and 
Fa are known and that they are equal or unequal as desired. Em¬ 
ploying formula 29 in Table XXX,* we may write: 




in which 
but 


ve**s 'P -- 



2 (8 -00,MS OO,) 

■' '“■(oo,.mOO,> 

i ,()<), i (K), -4 <). (),) 





OOj — K- -y- (I + '/'j 

O, Oj ~ 4 /-J 

.-. 8 I (2R H- 2/v R + r, 

S ~ OOj U 4- r., - U 4 (f - 'o 

S - OO, “ U 4 /*, - Tl (i 4 ■■■ 'f\ '1- r, - -J- ti ; 

// (/•, 4 /•.--J 

vers ^ --Y- " - - - (96) 

|R- ,/V/ + 4 -cyd^r) 


sin OOj O, = sin SF 

I 

0,0, D 
]P1F, = 2 (R 


OO, 


Hin 


R 4' “o d — r, 


<>,<>, . . 

Mr + <>, <>, o (98) 

4- -+ 4 S' 


The chief advantages of the above method are that it not only 
permits the use of ataliidard size frogs, but also uses up less of the 
main tirac^ between the extreme switch points. 

*f|oaiid la Urobb'a "BtilioMl CoattraoUini*’. 

m 
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lap. Problems in Switch Computation. 1. A siding runs 
oif from a straight main track, using a No. 8.«5' frog. The distance 
between track centers is 18 feet. What is the radius of the con-, 
necting curve and its length ? 

2. A siding using a No. U frog runs off from the outside of 
a 4° 80' curve. What is the radius and length of the connepting 
curve? In all of these problems, consider, the distance between 
track centers to be 18 feet. , 

8. Using the same frog, a siding is to run to the inside of 
the same track. What M'ill l>e the radius and length of the con¬ 
necting curve ? Until is computed, it is Impossible to say wdiich 
of the three possible cases will l)e used, but the solution of equation 
80 immediately decides that jK>iiit, which will show that is 
sliglftly greater than F, but that the difference is so little that the 

resulting value /■ is very great. — (^ - F) is such a small angle 

that Table VI* must be ase«l to determine its sine, 

4. If a crossover is to be run between two straight |)arallel 
main tracks 18 f»‘el. between e^^nters, using No. 8 frogs, how much 
will 1 h» saved in distanee measured along the main track by using 
a reversed curve rather than a straight track ? Since the dlffert'nve 
in <1istance is calletl for, we may ignore in this solution the abso¬ 
lute length of the switch rails and consider that they would Iks the 
same in either east*. 

t*i. Ret]Hired the dimensions for a cross-over l)etween two 
main tracks which are on a 4° 80' curve; the distance between 
track centers thirteen feet, the frog for the outer main track(F, in 
Fig. 182) is No. 0; F,. is No. 7; the connecting curve is to be a 
rtwersed curve. When the radius of a double main track is given. 

means the radius of the center line Iwtween the two tracks. We 
must, then‘fore (as indicated in Fig. 133), add and subtract 6.5 to 
the radius of a 4° 30' curve (1273.6) to obtain the radii of the 
centers of the two main tracks. The figure and formul® allow for 
this. Since |)oint switches wonld unquestionably be used, we 
must determine i\ and by the method outlined in §121;'R, the 
radius of the onter main track = 1280.1 (which means that Dj =: 

4® 29'), white K, the radius of the inner track = 1267.1 and D, = 

4® .3V. Then by the rule of §121, »*, *= radius of + D,) ® enure 

^ “WsoaomDtrUe Iqr' AnwrlcMi Sebaol of OorfMj^end* 
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radius of (7* 81' -}- 4” 29') curve =: 478.34; r, = radius of 
— Dj)” curve = radius of (12'* 23' - 4" 31') curve = 724!31, 
and rfa are the degrees of curve given in the first section of 
Table III* as being suitable for a No. 9 and a No. 7 frog on a 
straight track. Obtain and 6.^ by substitution in e<|nation8 09 
and 73. It will be found that the point of reversed curve comes 
but a fraction of an inch from the frog |)oint F^. If the computa. 
tions had apparently indicated that the point of reversed curve 
*would come beyond either frog |)oint (or between either frog and 
its switch), it would have shown the itnpracticability of the use of 
a No. 7 and a No. 9 frog under these particular conditions. It 
shows that in this case the limit was practically reached. 

0. Solve the same j»rol)lem using a No. 9*frog in both cases. 
In this case it will be found that the total length of main track 
l)etwe<*n the extreme switch ]K>int8 
will be somewhat increased, but 
that the point of reversed curve 
will be nearly midway betwt*en 
‘.he two tracks, as is preferable. 

A com|»ari6on of the two solu¬ 
tions will then show how close 
are the limitations in the choice 
•of frogs to be uhjkI. •'*" 

i3o. Practical Rules for 
Switch Laying. The following 
directions are based on the meth¬ 
ods previously given for allow- * 
ing for the effect of straight point rails and straight frog rails 
when used iVom a curved main track. When the jKisition of the 
switch block is definitely determined, then there is no choice but 
to cut the main rails wherever the location calls for, but as the 
main track rail would Ije merely lient out to form the outer switch 
mil, there need be no rail cutting near the switch jioint, except 
that a rail-joint in the main rail should not come at or near the 
. witch |)oint. The frog has a length of from six to nine feet. A 
niovemcuit one way or the other of less than ten or turelve feet will 
bring one end of the frog at an existing joint and thus save one 
fail catting. 

~ **1MgoB(nn«trle Tablm,*' publbilied by Amerfcao iUlboul of Coormipoad* 
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After having definitely determined just where the< switeh ir 
to be located, mark on the rails the points B, D and F in Fig. 134. 
Measure oft the length of the switch rails T)N, and locate the-point 
M at the distance I' from N. If the frog must be placed during 
the brief [xudod between the running times of trains it will be 
easier to joint up to the frog a piece of rail at one or both ends of 
just such a length that they may be quickly substituted for an 
equal length of rail taken out of the track. When the frog is thus 
in place, the point II becomtis located. The curve between M and 
II is a curve of known radius. Substituting in equation 54 the 
value of ohord and Ji, we obtain .r, or dh in Fig. 135, >vhich is the 
ordinate for the middle point of the curve. Then a" a and <f it 
w'ill be three-fourths of dh. Theoretically this will give 
a jMiralKdic curve, but tin* difference will not be appre¬ 
ciable. Having locHt,ed and spiked down the rail IIM, 
the op{K)site rail may be easily put in at the proper 
gauge. 

Example* Locating a switch on a curved main 
track. Given a main track having a 4® 30' curve, to 
locate a turnout to the outside Jising a No. 9 frog; gauge, 

4 ft. in.; /=6.00'; = In.; DM = 16.6 ft.; and 

rt = l® 44' 11". Then for a straight track r would = 
(»1().27 (d='9®18' 27"). For the curved track d should 
he nearly (9® lS'-4® 30') =4° 48', or f = 1194.0. L for 
the straight track would be 72.61, but since the lead is 
slightly increasetl (say about 0.1—see § 121) we may call the lead 
72.7, although this differentie would be absolutely imperceptible 
after the track was laid, so far as train running was concerned. 
After locating tlie switch and frog point as described above, the 
frog and the switch rails, should be placed. The closure for the 
curveckrail is given in Table III as 42.92 and curving the main track 
would make it slightly longer still, say 43.0. R=* 1194.0+2.35*^, 
1196.35. Applying equation 55, we have «*43.0*-*-(8X1196.35)^ 
*0.193^ the ordinate at the middle point. The ordinate at each 
quarter point is three-fourths of the ordinate at the center, or, in 
thb case,.^45. * 

131.. ^i|i|Switch«^ The complicated demands for switdi* 
Ing in yards ami termitpbddlVe been greatly a^sted by the device 
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known as slip switchOB/illustratidns or vht^^ftiv 

13(i and I 37 . Fig. 130 li'bows a single slip” in wklcb 

middle frogs are fixed, although the system of ufoiritble tt^c^ iSus* 
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trated in Fig. 137 h t* 8 |)ecially applicable. Thu double slip switch 
illustrated in Fig. 137 makes it |)OBsible for a train coming on either 
track to run directly on to either of the ojijKising lines. It should 

l>e noted that the mechanism is made inter¬ 
locking so that tile setting of a sw'iteh at one 
end will siinultaneonsly set the switch at the 
other end as is re({nired. 

13 a. Crossings. When two railroads 
cross each other or even when it is desired 
to haire one line cross another without 
any switch connection, a crossing may be 
us^. If the angle should be small (which is 
very undesirable) the method of movable fro^, 
shown by the crossing of the inner main rails 
of Fig. 137, may he used. But the lines 
should be required to cross each other as nearly , 
at right angles as possible and then a btdted or riveted set nrf 
frogs, with lllers betwehih the rails, such as is illustrated Fig. 























wm^ ia gianAtf^ ^hum cDo^inga will neod to be 
toi|l^.to:<>r4er eoeeitltitg to tbe engle )>etweesi the two Hues. 

erQMi|ig8.are somethues operated at very* high speeds 
diw be especially strong and rigid. When both 

tntoldNlniSrstoal^ft the^lrc^ angles are identical or more strietly^ 
ywb.dt'tiboln sito ^ coin piemen ts*' of the other two. 'When one or 
botll'tnC^^anS curved, all four frogs wUl l>e different and the 
ootnpufadon of their exapt value becomes a somewhat oomplicated 
geo^trical ^woblem. Hie mechanical constructioii neetl not be 
esaentiidly different from that shown in Fig. 138. 

l39i> Crossing;. One Htrttight umi one eunuuf imek. In 
Fig. idtl, B is know'll and also the angle H, made by the eentor 
lines at their fmint of intorsection. 

’ M ='NUM and = B cos M 


' 1 I 

then (R - y) cos F, = NO f ^ y 


,, JOS F, = 


1 

R COB M i ‘2 
K-« <J 


Similarly it may be proved 


3V 


_ 1 
11 cos M H- <j 
¥1 ^ 
COS h, = - j 

B + y 




cos F^ = — 


U c(H M - -g y 


R+ y 


R cos M — ,f-y 
'«.F. = _- , f- 

IBs flad tibe relative positions on the tracks of the frogs, we'may 


( 100 ) 
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F.F. = (r + \g)*m F, -(b ~\g)fL\n F. 
IlF, = (ft —l-g) (.in F, - .in F,) - 
F,F, = (r -I- -(R -\<i) >*“ *■. 




Kioi) 


Tt Bliould be noted that > 1*11 not be exactly equal to F,F, al. 
though the difference will be very small. 

134 . Crossing. Both trockn ntroHj. The angle of the tan¬ 
gents (or radii) at their point of inter- 
B^’tion is a known quantity (M) and 
- also the two radii R, and 11,. But 
since we must deal directly with the 
radii of the inner and outer rails of both 
curves, it will be easier to immediately 
1 

add Tor subtract) tj to R, or Rj, and 

obtain /*,, r,, and '/\, as indicated 

Figure 140. Referring to the triangle 
‘ 1 

F,C,Cj, and cal’jng ~ (c + rJ, 
we igay'’^.-‘ite: 



vers 


IT . . g (^1 - »‘i) (*i - '^ 4) 
' »V4 


Similarly in the triangle FjC, 0 „ let = "g" (^* + + ** 4 ) 

and in the triangle F,0,C„4et«, = 4'(^' + + Hi) 

1 

^and in the triangle F^C,Cj„ let fl^ = 
and then w'e may write 

• /M ^ 




vers 





itAaitoAn fiNcmmmo 


m 


dfi>termln« th« lengtli of track between the frogs we may write 


c 


sin *=• sin F*- 

and sin ■*= sin F^-* 

FAF, =- 0,CA ~ C,(\F, (103) 

Knowing the angle F^O^F^ we readily determine that the chord 

• 1 

F,F* = 2;*^ sin 2 * (F/^jFJ* ^ precisely Hiinilar iiianner the 

choids F,F^, F,F„ and F,F, may be computed. As a check, it shouh) 
lie found that all these (chords are nearly altliough not quite equal, 
likewise the mean of all the four frog angles should lie ^«ith^ll a 
few seconds of the value of M. ^ 

135 . Examples. 1 . Determine the dimensions and*the frog * 
f ngles for the crossing of a straight track with a track of 4-^ enrv. 
•»ture (as in Fig. when the angle M -= T2 IH'. 

2. A 2 curve crosses a 4^ curve as in Fig. 140, the angb M 
being 52 20 '. Determine the frog angles and tlie chord lei.g hs 
lietween the frogs. ^ 

^AyiDS ^ND TERMINALS. 

136. Vwlue of a Proper Desiipi. \S uen a freight train arrives 
at a terminal yard, which is generally in a city of considerable size, 
w 1 th,one or more other railroads or branches, tlie train load will In 
general be mademp of some cars whielt will need to lie shifted to 
sdbie other road or division or to bis shunted on to a siding where 

may be naloaded. If the character of the train is mixed, 
coal and partly general merchandise or grain, the coal cars 
t^nt to their own tracks and the merc'haridite to theirs. 

’’ point of a road is frequently the terminus of one or 
^hes as well as the point where freight trains are perhaps 
especially if the ruling grade on adjacent divisions 
H that the train load which can be hauled by one engine 
wnt on the several divisions. 

itndy of these facts, tt^ther with oUieri which will 
tbsapAsoIves in i^is connection, will show the vast 
> wmUU-, "sj>neoeBsajy in sorting ont the ears in a yard. 



m 
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Often the road engine is cut off from the train as soon as it has 
brought it to its propr place in the yard, and the distributil^ is 
done entirely l)y switching engines. But the work in large yards 
is so great tliat sev'eral engines will be required for the work. The* 
cost of running a switching engine per day may be figured as 
apj)roxiinately $25. If the design of a yard can be so altered 
that one engine can l)e dispensed with, or that three engines may 
Ih* made to do the work which formerly requin^d four, we would 
have in 815 working days per year an annnal saving of $7,825,*^ 
which capitalized at 5%, gives $150,500 which is sufficient to 
reconstruct almost any yard. 

As will be develo{)ed later, such a saving is by no means an 
im|)os8ibility. Tlfe requirements for space for water stations, ash¬ 
pits, coaling stations, turntables, sand and oil houses, engine houses, 
etc., and their proper arrangement so as to avoid useless running of 
the engines, is another feature which show's the value of a system¬ 
atic design for a yard. Whtm a yard is being constructed at a new 
place, it may be designed on the basis of subsequent work, no matter 
how little of it is imimKliately constructed, but very many yards 
were laid out when the now recoguizeil principles were unknow'n. 
Subsequent additions have only made a Ml matter worse until it 
IS seiMi that an entire re-con struct ion nei'essary to make the yard 


what it should be. 

137. Freight Varda. General Principles. A yard built on 
an ideal plan is in general an impossibility. Topographical con- 
sideiations usually iniliience the problem to such an extent that the 
only method is to study the location so that certain fundamental 
principles may be applied. 

1. A yard is a classifying machine for receiving, sorting and 
despi^tching cars to their several destinations as rapidly as possible. 
Its efficiency is measured by the rapidity with which it accom¬ 
plishes this and the economy of motive power whidi is required. 

2. At a yard which is the terminal of a diviaioD th^freigbt 
trains are pulled in to a **receiving track” so as to get them out of 
the way and off of the main track. The road engine is then ran 
off to the engine yard where it is cleared of ashes, loaded with 
water, caaL sand, etc., tjgd otherwise prepared for its nesct trip. 

the caboose is run off to a ^^oaboose tsack” the loeatioa of 
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which is made convenient. Tlien, 
if the train is a “throiifrh ” freight, 
^another engine and ea1>oose nia}' l>u 
attached and it may pnK*eed un¬ 
broken unless a change in rnliitg 
grade requin^s a different train lead. 

3. There are certain traeko in 
a yard which may he considert'd the 
skeleton of the yard. On thewi 
tracks no traiii.s shoi^id he all()^uH] 
to stand except tenij)oraril\, Sucli 
tracks, shovin in Kig. 111, in \Oiich 
each pair of rails is indicated hy a 
singlelinc,areculled “ladder tracks," 
and frcnn these the storage tracks 
are run in |Mirallel lines. Other 
til lough tracks are indieattMi on the 
plan. 

4. The storagi* tracks should 

usually he made donhle-ended or 

» 

\\ith a lad<ier tra<‘k.at each cud. 
This iihuall} facilitates thoh\im<*hiiig 
•by y*ermittingoneor more cars to he 
drawn from either eml without dis¬ 
turbing the CAfS at the other end of 
that track. 

0. Ju recent years many yards 
hare h(*eri made hy creating an arti. 
iietal hum]) at such a place that the 
grade from the ladder tracks on to 
the storage tracks is alxmt t).5 jjer 
cent. This creates a gravity force 
of 10 pounds per ton which is suf- 
dcient to cause a car to roll by gravi ty 
from tlie bidder track on to any stor- 
track to which it may he di- 
toOtod. In this way a train of cars 
<Mi the lidder'^tyadc may be distrib* 
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uted to the variona atorage tracks with great rapidity. Zncideat' 
ally there ia no <l-inoar of a^^ar running out from the storage track 
H on to the ladder track. Symmetry and 
ec'onomy of sjwce will usually require that 
the frogs and the switch dimensions of the 
switches running off from the ladder tracks 
ahall be uniform. No. 7 frc^ are very 
commonly used; frogs with a larger fn^ 
numl)er make an easier riding track, but 
they require more space, and limit the 
space which may be used for storage. No. 
0 and even No. 5 frogs are sometimes used 
on account of the economy of space which 
is thereby obtained, but it makes harder 
rolling and greater danger of derailment. 

138 . Connection of Freight Yard 
with Main Tracks. Asa general princi¬ 
ple the main tracks should be as dear as 
possible from the yard tracks so that pas¬ 
senger trains may run through freely at any 
time \iithout even the danger of a collision 
with any f’iight ears or of interfering with 
the work of the freight yard. This prac-* 
tically means that there should be no cross¬ 
ing .of the main tracks by any tracks used 
in yard operations and that the connection 
should be only where it is desired to run 
from the main tracks on to the receiving 
tracks and that here the switches should 
lie thoroughly protected by signals. Hie 
ideal construction is to Imve (on double 
track roads) all opposing tracks croM over 
or under each other so timt two trains wiR 
never approach the same point of track 
except when they are moving w tiie same 
direction and thra the danger of a oolRdon 
will be largely averted. The reeilVii^ 
traeks (or sbutbtr tracks) dididd be utilixed aa **d^)affliig timidEa*^ 
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00 OQtgoiag frei^t traioB may wait for tlioir signal iu btart 
witHoat interfering with any paaaei^r traffic on the main line 
^ tracks or any shifting work in the yard. 

Minor Freight Yards. The name applies to the local 
collecting or distributing yards which are locat^ in parts of a 
great city where the freight business is especially large. Tlie cars 
are brought to these yards by means of long s'aitches or by means 
of floats W'hen the yard is located on a water frent. The special 
feature of these yards is the fact that 81111*0 they are always located 
on very valuable land, great ingenuity is required to utilise the 
limited space to tbe greatest adiantage. Tliis usually jequireS 
excessively sharp curvature, which may be limited by tbe fact that 
car couplers will not permit the car bodies to make a large angle w ith 
each other. The shortest permissible radius ib 175 feet and even 
this is undesirable. Radii as short as 50 feet have hetm used in 
some yards, but in that case an extension coupling bar is placed 
*bc*tween the cars. Yards for receiving or distributing freight should 
be provided with team tracks which are made stub-imded and whii i» 
are preferably placed in pairs with a sufficient space for roadway 
between each pair. 

Figures 141 and 142 are ideal plans whieli weie suhmitUsi to 
the American Railway Kngineei and Matiitenanec of Way Asso. 
“ ciation at its meeting in March, 10(f2. As * ideal plans, it is not 
supposed that they can be literally adopted, hut a study of them 
will show their general conformity with the principles stated above, 
and also will be suggestive of plans adapted to the local conditions. 

i4o. Freight Yard Accessories. Truck ncahj*. Tliese are 
for weighing freight cars on the track. When, as is frequently 
the case, the scales are located on a much used track, an auxiliary 
pair of rails is laid about six inches from the scale rails and con- 
neeted with them by a split rail sw'itch at a suitable distance from 
saeh end of the scales. Oue auxiliary rail is supported on the side 
of tbe scale pit and the other on several posts which rnn through 
the scale table floor. It has been found practicable to weigh a 
whole tnun load even in rootiem by running it very slowly over tbe 
^soile traeks and noting the scale reading for eaeh cax when it 
eentral^over tiie pit 
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Crane». The frequent transportation of individual loads 
weighing many tons requiri^ the use of some sort of unloader, 
which may vary from the temporary ‘‘gin pole^’ to a traveling 
crane which strides one or more tracks and a roadway, and which 
may travel on rails parallel with the switch tracks and also ha%a 
“ traveler ” which runs perpendicular to the tracks. The double 
horizontal motion (as well as the vertical motion) permits the 
loading or unloading between any car and wagon placed W'ithiii its 
range. While their use is somewhat limited, there are occasions 
w'hen they are almost in<lisj)ensable. 

i4i. Engine Yards. The ideal position for the engine house 
with its accessories is in the center of the yard, as is shown in Fig. 



L-On3itM4ina( Section of PH 
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141. The accessories of an engine house are shown in the ideal 
plan of Fig. 143. The plan of the cinder pit, which is shown in 
detail, allows for a pit alx>nt four feet deep under two tracks on 
whicli the engines run, and into which the ashes can be directly 
dumped. These tracks are each side of a depressed track which is 
sunk to sneJi a depth that the sides of a gondola car will be below 
the bottom of the ashpits under the engine tracks. Tbe duniped 
ashas can tJxerefqre be very easily shoveled into the car in the 
deptetsed track. 
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Passenger terminals for large cities are strnetares which 
demand the services of an architect ra^iier than an engineer. The 
^engineering featnres are largely those of elevating or depressing 
the approaching tracks so as to avoid the grade crossing of city 
streets, and all such prohlenis imist be solved individually. Those 
who wish to study the subject further may find it treated very 
fully in “ Buildings and Structures of American Railroads,” by 
Walter (I. Berg. 

SIGNALING. 

The following description of signaling is not to be considered 
as a complete course on the subject as that would require more 
syaice than may here be devotwl to it. The discussion has been 
condensed to such fundamental facts as every railroad engineer 
should know. The development of the science has been so rapid 
during late years that one must follow current engineering litera- 
tore to keep abreast with the ])rogreB8 of the work. A student 
desiring a more throrongh course in the groundwork of the sub 
ject is referred to “ The BlcK'k System,” l»y B. B. Adams (3514 
{ages), as well as to similar but earlier works by W. II. Elliot and 
W. L. Derr. . 

142. Systems. When railroading was still in its infancy 
but tradic bad so increased that rear- Mid colli ions on double track 
became an imminent danger, two general plans were suggested and 
tried to giiaiHi against such accidents—(//) the time interval system 
and (/>) the space interval systeni. Although some traces of the 
first system are still to be found in train order systems and in 
operating rules and time tables, it has Ixieu found inadequate for 
tlie operation of heavy traftic. When trains are run close together, 
even a short delay becomes a soimte of danger, which is only [Mr. 
tially obviated by vigilant work by the rear flagman, and even this 
saf^^ard is only obtained at the expense of further delay In wait¬ 
ing for the flagman to return to the train after the cause of the 
di^y is rsfoov^ and the train is able to proceed. The space in¬ 
terval system has therefore become the basis of all modern systems. 

.' . Considered from another standpoint, the methods of handling 
tnise may be divided into two general classes*^ (a) the telegra]pl»i^ 
eunlBr system, Isf-Whieh men at difBfeient parts of fhe Utm es^ve 
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orders by telegraph regarding the movements of trains whidt will 
soon ])ag8 them and who commnnicate these orders to the trainmen 
either verbally or by signal, and {b) those systems under which the^ 
signals at any point are controlled by mechanism at 



adjacent points. The fundamental difiFerence between 
the two systems is that in the first case a blunder by any 
07^^'of several men may cause an accident; in the second 
case, blunders are, to a considerable extent, meclianically 
ini possible, and when made are generally immediately* 
apiiareut to one or more others,, and may be corrected 
in time to prevent an accident. 

The first system includes the method by which a 
large proportion of the trains of the country are operated 
—the “train order” system, which will not be here elab- 
orattKi since “ signals ” are not a necessary feature of it. 
rrider this method the train crew receive their orders, 
issued by the train despatcber of the division, which 
are written out by the telegraph operator at the local 
olHce where received. The train is then run in accord- 
ance with such orders until it reaches the next train 
order office. The first system also includes the simple 
manual system, descrilaHl in the next section. The 
various systems of .;ontrolling the signaling, culininat-' 
ing in the absolutely automatic system, will be succes¬ 
sively described. 

143. Simple rUmual System. In this, as in all 
other block systems, the road is divided into sections 
or “ blocks ” whose lengths are varied somewhat to suit 
the method adopted and the natural conditions, and 
also are made roughly proportional to the traffic. For 
exainph', on the main line of the Pennsylvania Rail¬ 
road lietwiien Philadelphia and Uarrisburg the sections 


Fig. 144. have an average length of a little over two miles, a 


fewr are four miles long, and some (especially where the 


snhurhan traffic is heaviest) are less than one mile long. On the 
other liMid, on a* road with less traffic (althongh snfileieiit to re¬ 
quire the block system), the blocks might have a much greater 
length. ** Absolute ” blockhig forbids tl» eotranoe of a train into 
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% block until the preceding trein has passed out of it. This prac- 
ticallj means that the trains must average considerably over one 
^block apart, since train B (see Fig. 144) cannot enter the block ^ 
(3—1) until train A has passed out of that block, and the fact is 
telegraphed back so that die signals at (3) may be set for train B 
to enter the block. Train C and the sneoeeding trains must vir* 
tnally maintain the same interval even though they tetn|)orarily 
move up closer. At a freight train speed of 15 miles per hour, 
trains could be run through blocks five miles long at intervals of 
twenty minutes plus the time required for signaling l>etvieeu sta¬ 
tions and for the trains to pass b} the signal station. Under the 
simple manna] system the rules of ojieratiou, although varied in 
detail, are essentially as follows for double-track work: 

When train Alias passed (1) the o|H^rator there Udegraphs the 
fact back to (2), and then the ojx^rator at (2) knows iliat the block 
fro II (2) to (1) is clear and that he can admit train B to the block, 
tf train B does not arrive at (2) for some time afterward, (2) 
shohld obtain definite word from (1) immediately before B is diu 
that the block is clear, since it might have liecome obstructed i ^ 
switching operations or otherwise. As soon as train H has pas^itHi 
(2) the fact is telegraphed hack to (3), which informs (3) that the 
block {3 —2) is clear. The inetKod of communicAtion is usually 
by the ordinary Morse alphabet, but since I'lc facts to I>e commu¬ 
nicated are very few and simple, a system of taps on electric bells, 
which can be more easily and quickly learned than the Morse 
alphabet, are sometimes used. During recent yt^rs even the tele¬ 
phone has been used for this pur|) 08 e. Some of the mechanical 
details of this method will be given later, Each road employing 
such a system has a more or less elalxirate set of rules governing 
the operation of the signals, W'hose object is to make the work as 
medianical as possible, to guard against giving wrong signals and 
to locate the blame when an error is made. 

It sh<mld be noted, however, tliat there is nothing to prevent 
aldgualman from giving a clear” signal, when he should show 
a "atqp** signal, even when he has been instructed otherwise and 
iiat pdrliaps reported telegraph that he has obeyed orders. In 
abort ba is nqt^^^eoiitrolled,” aud in ease of an accident there is a 
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qaestion of veracity between him and the engineman. The sys¬ 
tem has the merit of cheapness,' since the signals may be ot the 
cheajjest form and the intercommnnication may be done by the^ 
cheapest form of telegraphic circuit. 

Pertnhsive liloekhig. There is a variation of the “absolute^’ 
system which is also applicable to some of the following systems 
and which facilitates traffic although at soTiie saeriiice of safety. 
Under this system, a train is allowed to proceed into a block even 
though there is a train still there. But the train must be under' 
“iwrfect control ” (some rules limiting the .speed to six miles |)er 
hour) so that it may be stopped very (juickly if necessary. By 
this means, the delay of a succeeding train, and })erhaps of several 
following trains, is very greatly reduced. Of course such a prac¬ 
tice requires extreme caution to n\oi<l accidents, and there are very 
minute rules to be follovred when such running is |)ermitted at all. 

When heavy ])assenger trains are run at a speed approaching 
00 miles {)er hour, it becomes impracticable to make a “service’' 
stop much \^ithin 1.500 feet. Although a stop may be made in a 
much shorter distance, it induces very severe strains in the rolling 
stock and hence should be avoided. But since it is frequently 
impossible, on account of corves or other obstructions, to see sig¬ 
nals more than a few hundred fe«^ I-away, an engineman dare not 
approach a “home” signal at very high 8{)eed for fear a stalled 
train may lie immediately beyond it. Therefore a distant sig¬ 
nal^' which forewarns the engineman of the indication of the 
“home” signal, is placed SOO to 2,500 feet from the home signal. 
The required distance, which for me<.*hanical reasons is made as 
short as possible, except as noted below, depends on the grade and 
on how far from the signal it may be clearly seen. 

When the distant signal is set for “clear,” the engineman 
knows ^tfaat he may proceed at least as far as the second home 
signal ahead; w'hen it is set for “caution,” he knows tliat he may 
proceed at least as far as the next home signal, but he must expect 
to be stopped there and he must have his train under such control 
that he can stop there if r^iuired. Sometimes the signal becomes 
cleareil by the time he reaches the home signal and thefs is no 
actual delay beyond a slight rednctlonnn speed, bnt the indication 
ol.tbe distant signal enables *h3tn in any case to approach the Imme 
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signal confidently, knowing beforehand that it will be clear’' if 
the distant signal was ** clear.” In any system where the signal¬ 
ing is controlled,” such a distant signal is locked so that it can¬ 
not indicate clear when the home signal indicates stop. Under 
the <‘atttomatic” systems the distant signal is usually placed on 
the same post as the home signal for the preceding block. In this 
case, when tlie distant signal indicates clear, the eiigineman knows 
that his road is clear for two full blocks, but he may have to slacken 
speed wheu he reaches the next block station. 

144. Controlled Manual System. In tlie ])re- 
vious system the only connection hetwt>en the signal 
stations is the telegraphic communication of informa¬ 
tion. Tie ‘‘controlled mainiar’ system includes the 
following essential elements. The signals at each sta- 
tion are locked by electromagnets which are controlled 
electrically from the signal station ahead. When a 
train approacdies (/), ( 1) )nust notify (^) of it. If the 
last previous train has ])asse<l (V) and tliere is im other 
impediment, (H) will unlock (/I’s lever electrically, so 
that it is possible for (/) to set a clear signal. After 
the train has passed (/), the signal at (/) is set for 
the ‘‘Stop” position. Jt uilj then he inipussihle for 
him to set it clear again until t)enmtt< d to by (^). 

Knowing that the train is coming, ^j;>) iiujuires of [.‘i) if 
the block (2 — 3) is clear and if so (,V) will unlock 
lever so that it can be set for clear. The alwve is the i 
simplest and earliest form of such a' system. 

The chief advance over the simple manual system 
l||e8 in the mutual control of the signal offices on each 
other. A signalnian cannot set a signal clear exce[)t by 
the action of the next signalman ahead who th(>feby 
certifies that the block ahead is clear. Tlie chances of 
error are thereby decreased. Tlie electrical control is 
maintained over a “wire circuit,” but the system is 
made much more tinder control by adopting features 1%. 14S. 
which are essentially those of the automatic system. 

The two rails of the track are carefnlly insulated Irmn eadi other, 
and, near eufh signal station, the abutting rails are insulated at 
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some joint by joining them with insulated joints such as are do< 
scribed in section 107. 

At R, Fig. 140, a track battery sends a current through the 
rails which energizes the track relay at A, which operates the sig¬ 
nal iiiechanistn at A. The presence of even a 
single pair of wheels on the track between A. 
and R, or even on the siding up to the fouling 
|)oint,” will cause the current to be short-cir¬ 
cuited and it will fail to energize the relay at A.' 
By this means it is readily arranged that when 
the train passes A, A’s signal will autoinatic- 
ally fall to “stop” and will liecoine locked there 
HU that it cannot Income unlocked until the 
train passes the insulated joints at ?i. When 
(he train {Hisses B, the curnuit through the re¬ 
lay W'ill then become strong enough to release 
the lock and then A can sethib signal to “clear 
if jiermitted to hy B. 

The method involves both a wire circuit 
and a track circuit. But when the sections are 
very long, it lH*come8 \erv difficult to control the 
track ciicuit so es to avoid leakage and yet give 
the current sniiicieut strength to do its required 
work. And so the method is still further com- 
{dicated by eliminating long stretches of the 
track circuit, but retaining it in the track near 
each signal station so that the signals will be 
automatically o{)erated and controlled as before. 
It should noted that if a car was stauj 
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iug on the siding and w^as moved toward me 
swriteh point by wind, or through malicious mis- 
chief or oiheryrise, as soon as it jiaased the fbul- 
iiig {>oiut the signal at A would automaticidly 
go to “stop” and the signal would stay locked until the track was 
deared. A broken rail wpnld have the same effect of locking the 
signal aad would start an investigation to determine the trouble. 

I4S. AiitiMiiatfc Syctems. Some of the priiiei|)«l essmit^ 
of the antoinatic systems faavAilready been deaeiibed i^vaa. Soule 
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of the differonoes are as follows. The medianioal work to be per 
fofmed bj the electrio current in the controlled manual system is 
limited to unlocking certain inecbanisms or unlocking the signals 
BO that by gravity they will assume the “stop” position. The heavy 
work of moving the signals, which are usually of the “semaphore” 
type (described later) is performed by the signalmen. But auto* 
mntic signals must be worked by a mechanism which always has 
sufBcient power to move the signals. This practically means tliat 
the signals must have such a form and be so worked that but little 
force will be required to move them. 

The earliest forms were targets mounted on a vertical axis 
which was swung around by clockwork. When set for “ stop ” a 
red target would show; when set for “clear” the red target would 
turn edgewise and a white target of diiferent form which was previ¬ 
ously edgewise (or perhaps no target at all) would then show. A 
lantern, with red lenses on two opposite faces and white (or green) 
lenses on the other two faces would be set on top of the axis. A 
weight moving up and down in a hollow iron post, would be |K^ri• 
odically wound up to provide the power. Each time the signal is 
changed from “stop” to “clear” or from “clear” to “ stop” the axis 
turns one-quarter turn. One objection to the method lies in the 
fact that since putting even ii..liandcar or a track gauge on the 
rails M’ill turn the signal to dangc and taKing it off will restore it 
to clear, the mechanism will be made to work so often that it will 
require rewinding with annoying frequency and then perhaps 
become run down and fail to work. 

To guard against one source of danger, the mechanism is 
made to open the circuit and thus put the signal to “stop” just 
ihfore it becomes run down, so as to avoid the possibility of the 
s^nal indicating clear when it should indicate danger. The clock- 
v^k system is still in successful use on some of the systems where 
it has been installed many years, but the more recent designs use 
jui endosed disk signal (described later). An important detail is 
tlm placing of the signal 200 feet in advance of the entrance of a 
block aectiw. This enables tbe engineer to the signals turn to 
4iiigsr ait a lesult of his entering the block and he thus knows that 
U m fd^ai protecting him until he reaches the next fdguaL^ 
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If the signal fails to work, it shows that there is something wrong 
with the niechanisTU and he will take precautions according!]^. 

Anotlier advantage of the track circuit system lies in the fact 
that if a switch lie o|H>ned aiivw'hcre in a block, the switch being 
provide<l with a <Mtcuit breaker, the circuit will be broken and the 
signal will automatically fall to danger. In short, almost any de* 
feet or impediment to a clear track will l>e indicated by the signal. 
And herein lies one tioublesome feature: the circuit is so sensitive 
that any accidental short-circuiting (even though not due to any 
defect or obstruction of the track) will delay traffic. The opposite 
(and far more serious) error in operation—indicating clear” when 
it should indicate “ stop ” -will only be caused by a defect in the 
mechanism, and the record in that respect is very good, the pro¬ 
pel tion of such eirors to numl)er of signal movements being 
exceedingly small. 

146. Mechanical Details. The train order system does not 
necessitate signals of any kind, but on many roads which make no 
claim to a bhx'k signal system a signal of some sort will be dis¬ 
played from the local train-order office. The signal may be a mere 
flag on a stick; an inijirovement is to hang it from a horizontal 
biipjioit, the low’er e<lge being weighted, the whole being provided 
wdtb a cord which is run back to th^office, which permits the ready 
display or removal of the flag, borne western railroads have im- 
[iroved these by using some home-made” signals operated simi¬ 
larly, but using a target made of thin wood or of sheet r^etal. 
From tbid it is but a short step to the standard ** semaphore,” illus- 
tinted in Fig. 147 and elsewdiere. 

The semaphore consists essentially of a board about flve fe(‘t 
long, eight inches wide at the outer end and six inches wdde at tHU 
hinge t^id. The hinge is a somewhat elal>oi*ate casting with one<»t 
more sj^iectacles ” as holders of colored glass lenses. Since the 
weight of the casting on the spectacle side is usually not sufficient 
to overlnlauce the weight of the sema^diore board, a counterweight 
is so attached that if the rods or wires to the signal cabin should 
break, the signal will automatically assume tlyp hori;scnital position, 
trbieh is universally coosl4ered as the ** stop ” or ^ danger” signal. 
When thi| axis of board passes through the hinge boh, a« 
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ahown in Fig. 14-7, the clear*’ position ia given by inclining the 
board at an angle of 45% as shown in position B. 

Another form is to have tlie 


board eccentric to the liiiige, so 
tliat it may l)e dropped to a verti¬ 
cal position and still show outside 
of the post. As a general principle 
of construction, the board should 
l>e clearly visible even in foggy 
weatlier, and thei'efore the board 
should not come down directly in 
front of the post, for in foggy 
weather it would not be clearly 
visible and an engiiicman might 
pass the signal thinking it was in 
front of the post, when it might 
have been broken off and should 
have indicated danger. Fig. 147 
shows a wooden post; the latest 
high-grade practice now uses iron 
posts with suitable castings at top 
and bottom. One. advantage of 
such posts is the placing of the rods 
inside of the post where they are 
leas subject to interference from 
snow and sleet and from malicious 
mischief. 

The boards are always set so 
that they point to the right from 
the track which they govern, or 
in other wmrds a signal which 
points to the left of its supporting 
pole,' as seen by an approaching 
goveruB trains moving in the 
cpposite direction. Sometimes the 



boards are pi^inted rad on the gov- 
eiDtng side and white on the oldier 


Fig. 147. Semapliore. 


aidey, but whatew the variation in practkse the indicatkni is inde* 
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pendent of the color, and on some roads the color is “ neatral,’*^ so 
as to emphasize the fact that the engineman must ^ governed *by 
ih^form hn^podtmn of the board rather than by the color. 

The only essential variation of form of the blade lies in mak¬ 
ing the ends of all home signals square and of all distant signals 
notched or of a “ fishtail ” form. One other form used for the dis- 



T 


Fig. 148. 

tant signal is to make it pointed. When there are but two tracks 
the seinapbores are usually placed on separate posts on each side 
of the robbed. Even when there are four tracks, the signals lor 
the two tracks on each side may be placed on one main p<de whidb 
hM n erossrarm and two uprights, each carrying one or mwe sema- 
^ores, as shown in Fig. 1^. But when t^re are more than fcmr 
tracks (as in yards), and frequently on four-track roads, aigoada 
ani^rried on a bridge ^ su^ as is illustrated in Fig. 14d. In such 
a the signals for each tradFure placed dir^ly over the 



m 


Fig. 1». Semaplioire BMgo. 







178 


RAILROAD ENGINEERING 


When more than one square-ended signal is over a track, the 
upper one refers to the through track and the lower oned ’to 
the switches which will be immediately encountered. Note in 
Fig. 149 that the signal bridge in the background has boards on 
the left side of the posts and that they are evidently tehite. This 
shows that the bridge governs movements Unrard the observer, 
while the signals on the bridge in the foreground evidently govern 
train movements in the direction the observer is looking. The 
mechanism of all such signals is necessarily somewhat exposed, 
and is liable to be actually blocked m hen covered with snow and 
sleet. A considerable amount of power must therefore be available 
to operate such signals. 

Another form in extensive use is the enclosed sicrnal. 

'KueloMd sJijnah. There are two great argiiments for and 
against the use of such signals. On the one hand, the mechanism 
is entirely enclosed and protected from the weather and is therefore 
uniiifluenctHi b^ wdnd, snow or sleet. Also the mechanism can be * 
made so very light and delicate that it requires only a small per¬ 
centage of the jK)wer reiinired toojierate semaphores, and therefore 
they can be ojau'ated by an electric current of very lo>v voltage. 
On the other hand, the signal is not one o[ fitem and podtloiv but 
of color only. It is argued that it cannot be as clearly seen in 
stormy w'eather and on that account is less safe. 'W’hile it is un¬ 
questionably true that the signal indication is less visible in bad 
weather than a semaphore, }et the net advantages of the system 
are such that the system is very lar^ly used. 

The external ajipearance of the top of the signal (the post 
bidng omitted in the illustration) is as shown in Fig. 150. “Cleajr” 
is indicated by the disk opening showing white. To indicate 
danger a very light screen, made by stretching red silk over a light 
hoop, is-swung over the opening. At night the lantern on the rear 
side shines through the opening, showing white or red according to 
the position of the screen. The detail of the mechanism, shown 
in Fig. 151, explains its o|)eratiou. When the magnet is energised 
the disk is drawn up out of view and the signal shows white. If 
the eorreot'lans for any reason, the disk falls by gravity and comes 
into view. The power required is so small that the magn^ not 
ocmUols the signal but dlse develops the power to move it. 
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147. WifM and IHpM. Wires are need for the trausmiasion 
of electric corrent and pipes are used to transmit pneninatic pres, 
sure—as discussed later. But the above heading refers to wires 



Fig. ISO. KiicloKed Slgoat. 


and pipes as used to iiiechanically transmit motion from the signal 
cabin to the signal. When the parts may be made to work by 
tension, No. 0 wires may be used. When it is required to turn a 
right angle a grooved wheel is used and a short length of chain 



Fig. 15L Ball Automatic Signal Magnet. 

is substituted for the wire. Slight de« 
flection for pipes is accomplished by means 
of a series of bent rods running through 
gaidcs, u shown in Fig. 152. If the de> 
fleetioii Is greater, each rod must have a 
‘*bell inank.’* It is possible to work a sig. 

one wire^ depending on gravity for the reverse rnoHoo, 
ffioA ^i^tioe leqniree a visa lor each nugimu SignaiU ^ 
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sometimes operated niechanicallj at a distance of*2,0(H> feet from 
the cabin. For sucb, wires are practically a necessity, bat wbto 
tbe signals are nearer, pipes which may exert a pash as well as a 
pall are used. 

Cmn'jietiHatorH, The coefficient of exjmnsion of iron is so 
high that the change of length in a wire or ])i[)e several hnndred 



Fig. 152. 


feet long is bo great that the signaling inechauisni is thrown out 
of adjustment unless there is some automatic device to counteract 
it. The change of length of 1,500 feet of wire due to a fall of 
temperature from 100’ F. to 20^ is 1500 X 80 X .0000005 = 
0.78 foot r= 0.30 inches. A much less change than this would 



Fig. 153. 


require adjustment. The geometrical 
principle of the automatic comptmsators is 
shown in the uppir part of Fig, 153 and 
the practical construction is shown below it. 
By reference to the figure it may bo seen 
that if the pipe ab contracts so that b 
moves to b\ the point o would be moved 
to t*', where bh* = ec'. But if «v7 = dc 
would also contract to dc\ Therefore if ; 
the compensator is placed midway between 
the cabin and the signal, the cabin end of 
the pipe being fixed, a point at the,signal 


wd would retain its }x)sition regardless of any temperature change. 

Practically these arcs should not l)e required to work through 
too'great aa angle. It has l^een found that 5()0 feet is a desirable 


Unit, Therefore if a signal was 1,000 feet away from the cid)i^ 

^ould be used, each placed 250 leet from ^ 
the positum of and the middle 


V 
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be niK^ianged by temperature. It sbonld be noted that the ia« 
eertion of such a mechanism changes the direction of the motion 
of the pipe; t.e., if ah inoves to ^e right od will move to the 
left,'and vire verm. Therefore one section or the other mast be in 
compression, and sneh a coni- 


pensator is applicable only to 
pipes. No Gomponsator which 
is equally satisfactory has ever 
been designed for use with wires. 
They all require a spring or 
weight which takes up the slack, 
but if the wire gets caught some- 
where this spring or weight may 
be pulled because its resistance 
is less, and then the signal does 
not operate. Several designs are 
in use and they work satisfac¬ 
torily as long as the mechanism 
is in order. 

148. Electro-Pneumatic 
5ignals, The mechanical move¬ 
ment of signals by wires and 
rods is practically limited to 
about 2,000 feet and even at this 
distance it is troublesome. Elec, 
trie power from batteries may be 
used when the power required is 
very small. An electro-pneu¬ 
matic system uses compressed 
sir whose power can be sent any¬ 
where through pipes and which 
may be made to move not only 
sigaab but switches. The valves 
oontrolliog the pistons are oper¬ 
ated eWtrically by a current of 



Fig. 154. Rlfletro-FominiAtlc Atgnal 
Mechanism. 


low intensity, which may be provided by batteries but which in a 


plant of much magnitude is more economically obtained from 
atamgebatterlM which areebarged horn a dynamo. Theopeiatlip 
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of the valve is shown in Fig. 154. In the position shown the 
magnet is not energized. When it is, the armature (at the top) 
is drawn down, \»bicli ojieiiH the conical valve just above the spring, 
and the air pasbcs from the pressure pi{)e through the valve and 
down the passage alongside of the valve chamber until it bears 

on the top of the piston, which 
is shown in its extreme upward 
position. When the piston is 
forced down, it will raise the 
counterweight (see Fig. 155) and 
put the signal at “ clear.’* When 
the magnet is de-energized for 
</«// reason, the spring forces the 
vaUe up, the air in the cylinder 
escajies through the exhaust and 
the counterweight not only raises 
the piston to the top but draws 
the signal to indicate danger. 
A failure of either the current 
or the pressure will thus put the 
signal at danger. 

149. Electric Semaphores. 
Still another modification of au> 
tomatfc signals is the electric 
semaphore, which is a semaphore 
of the usual type, operate by 
an electric motor of about } 
horsepower, the motor obtaining 
its current from a set of 10 to 
16 Edison-Lalande battery cells 
which are placed in a box at <he 
n, 1 « foot of the .igDal post. The 

motor winds up a light wire 
oaUe which raises the counterweight and thereby sots the signal 
at '‘*^lear.** Tlie motor is started and stopped by the actiou of a 
relay connected to the track circuit. The track circuit has tihe 
fundamental principles previously draoribed, but has been made 
somewhat com|diaated so as to provide hx the operation of dfstant 
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aa wall aa^home signals and also tho protoctioti of and from all 
switoliM in the section. For the details of the track circuits the 
student is referred to the more complete works on this subject 
previously mentioned. 

INTERLOCKING. 

150. Principles. The interlocking of the switches and sig. 
nals of a large terminal yard is such a complicated piece of mech. 
' anism that any ade(|nate e:&planation and description would require 
too much space here. Nothing will be attempted but a demon¬ 
stration of the fundamental principle. The reason for the nec’essity 
of interlocking is simple. A mere ins|)ec>tion of the design of a 
complicated ^ard will show that it is readily possible to arrange a 
large number of combinations of different sw'itch movements for 
the operation of an equal number of trains simultaneously. But 
the operation of such sw itches is controlled from a signal cabin, 
and unless there are limitations on the combinations a signalman 
would be liable to set switches and signals so that two or mitre 
trains might collide. The fundamental principle of the interbak. 
ing device is comprised in the follow'iug statements: 

(a) all switch signals are normally at dangei; 

(&) DO switch tfffl^fg^tfor any route until the switches 
for any other route a collision have l)een locked; 

(c) the signal caunot^H^T* on fin through any switch until 
the switch itself is set. 

Although an eugineman may cause a collision by running 
past a danger signal, the worst that A careless Hignalniaii can do is 
to delay traffic. He cannot set signals and switches so as to cause 
a collision or even a ‘‘ side swipe.” The design of the interlocking 
madiine must therefore be based on a study of the safe combina¬ 
tions, and then the interlocking machine must have its cross 
looks” and “locking dogs” so arranged that no interference is 
possible. The case illustrated in Fig. 15G has purposely been 
made as aimple as possible. The upper part shows merely the 
locking dogs (shaded full black) which are fastened on to'^tbe 
“locking bars” (which run crosswise) and the “cross locks” 
(shaded widi cross hatching^ which move at right angles to the 
loeJdsg bars. - Jn the lower part of the figure are shown ihb ^paalt 
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and trac'ks for a orossowr from a main track. No. jthe dia< 
tant signal, No. 2 is the lioine signal governing the main track 
with respect to the crossover, No. 3 are the switch levers which 
w^k sifdi^JffiS^ously, No, 4 is the signal governing movement from 
the siding to the main track, and No. 5 is the signal governing 
movetnent from the main tiac’k to the siding. No lever for a sig¬ 
nal or a switeli eaii Ite moved without simnltaneonsl} moving the 
locking l>ar (having the currespdhding jiiimher) ftom right to left 
as shoan ni the figure. * 



r~ -' gv-- ^ 

ziizziizzzziziry 

. - 4 , . 

A 

4 ■ . 

Ifig 1^6. laterlock^pg 

a •* 

The wedge-shaped ends of the locking dogs ^U1 move (if 
possible)the cross locks with which they iii^ eoihe in eontat't. If 
any cross hwk is immovable becanse it is already in contact with 
aottie oth^ locking dog, then it will be iniposaf&lw^o move that 
lever until the^lever (or levers) controlling all interfering locking 
dc^ have been so moved as to icmove the obstrnction. Ihe |,w 
of the locking dogs in Fig. 150 is thart for all signals normal 
nr at SuppoBOrd^ were attempted to **clear’* signal 

4^0.1. 4o Bo^ loekiag hwt Ko. 1 most move the cross look 
]|o. X. But this is impossihlp^iinoe one of the dogs on locking 
#Ko.3 interferes. Lever ifch.!, oannot therefore be moved mdll 




















KAiLEOAI> 

IdTer Ko. been cleared, wht^'op^rs^i 
e«<^li to l^e left eo tltet tbe artmi* 
is in accordance witb the pritiptpl^ {i^vioi 
signal shonld not l>e clear^ nntil its' 

As another Lllnstration, ^)|ea tle '^f 
cleared, the locking bar No. 
moves the cross lock No. 
against locking dogs on eacli 
prevents them froBi<»beujjg 
crossover simuld not 
ittain track. 

Exercise, 
upper part of Fi 
switch was set 
It should he 
signed to ti 
No. 5 is 
bat^kw 





5 are s 
tlie c 


rjnp. And this 
that a distant 
js^S^^acrad. - 

^ No. S has been 
^of its attached dogs, 
s cross^lock is theh set 
No. 3 atA^No. 5 aiid 
sij^aU for. the 
for a c^lear 

f 

ion of the 
te that the 
tracl^4 
I* when it is de- 
^ the switch, and 
a train could run 
Both No. 4 ^^ 
run from ofid IrAck to 


insive are each in one piece 
8 Iw^kr No. 5 has the hpjjer 
^rt is moved it doSk not 3^oV0 
on locItia^yFiCd. 3 haspt^avi- 
■parts. The tapp^^fb nftnfiowila^y 
^of levers shown, but might lie nutres-, 

W ^ * * 

I compHca6j<i system. , « 

description makes no mention of a jiiulti* 
for h manual iimchine, to Say nothing of 
kI tor an electro-pneumatic interlocking 
the complication or how m^ny may 
.Antabdr of levers, the interhicking principle is as above. 

Tlf^CIC MAIfSrENANCE. 

Toola. Tools should l>e .of go^ qnalit|*a|^d well 
deaigtMjd for their use. Eeonom^ie this respect, So isave-lnitial 
\ to iiug*ease thb lal&r iw »nd since 4e kjfer. costs oser 
.'iiitt; e^the ^talcdst pf.track maintomce, m 


t^e o 
the comp 
loaohioe. 





6 

1 H 
8 Jack 

1 Key—B 

2 liEUtern 


AdzcH. ’’'^L ■■' 

Ax- ohoppiugW|L. ^» 

Ax—hand . . 

Auger, 2-lnoh 
Bars claw 
“ .-cn»w 
“ —pinch . 

“ - raising .... 

“ stumping ... 

Brace and bits .... 

Btooras icoarse) • • ^ 

Brush houkB . 

Oar hand.1 

:-rf' . y-^^Xm-yo. 

u ^ track . Jilattnckf* 

M .--wood .... 1 oilcan -1 gal 

, i> »♦ “ —2 

Curving hooks .... - 

Salk line. 1“'«- . 

WBhUna.... 160ft. . 

urawBBM'ov’. ,, —tampiug*.' 

Dinner® (ur cup®).... ^ *, 

ipiJT fl Bunch-hand. 

, o . « bito. 

bsiw*-.... 

^ wpefled ®aly unton* b»UMt. 



1 ToUHHinwIth box).84 

1 VerolP&ili^a puller 1 

. 2 Vine. \ 

, 8 Water pail Of Ji»g— * 

' 8 Weedacufflea.® 

’ 1 Whedbarrows.* 

. 1 Whetstone®.* 

^ 1 Wire eteetcher.. 1 

6 Wrench®^*“***®^.... ® 

’ 1 “ —monkey I 

• « • 


* "I *0 
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The eommevt on the above list is in regard to the bain 
of T^arious kinds. are used lor spikh palling. The 

^ideal desigb is one j^t ^roal d permit pdlHng the spike with one 
stroke without that will also poll it 

clear ont without is mechanically im- 

possible and in spi|i^^, made and 

the new designs old *<baira 

foot claw bar aeera^«P||yi)e 

The VeronaF V ||^H||^^Hp^Hv8pike which is 
a confined and is operated 

by means an rail. ** 

C 'row ” ta^r down 

syiumetrically tp so-called pointy’* 

in contradibtin|i;dH^^^^^^H|^plH|H|^h the chisel edge is 
even with bar. The number 

of crow bars ipjy& Camp’s opinion that 

the crow the pinch bar forin 

is far pr»»fe|Aip^X ujjj^ 

should tbf^ijl^ntH 
rather 

as a pi[¥^^H||^^^^^H|[ 

•handleJ|||j|^^^^^H^HHm 

un 


is rather therefoie sometimes made 

Gattg^a. !nie^^^^^Kvided into three classes. The first 
is the ** home-made ” type of a^ooden gauge which is perhaps brass 
bound. Onecomftion objection to this form consists in the danger 
that it will not always be placed truly at right angles to the track, 
llie effect of this error ia to make tight gauge. To obviate this 
error, the ** Huntington ” track gauge has at one end two logs 
about seven inches apart and one lug at the other end. The gauge 
it the distance from ^e single lug to the middle point of the seycn* 
hptdl Ijae, the two lines being at right angles, llie device is 
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retically perfect provided that the tyro luge at the one end are bot% 


in contact vnth the^ead of ti 
nfill make the gauge too 
short oiVcnIar forii^ 
eter is the gange^ 

Ham 
weij 
The 
work, 
harnm 
use the 
hammers 
tin necessary 
uniform size 
Tra^ik. ja-* 
are certainly h 
more than one s 
the gang to^mov 
train, and' a# a deni^ 
Tniek,iiU‘’*;*Tict« ns'ge: 
betwee 4 the rails. 

Li’tKl hofim. Sui 
the upper edge. At 
a base of ai>out two inches, 
uing at the lower edge, 
the outer rail (see § l|^)'‘sho 
ill such work. If the requir 
step of the hofU^ may be 
end on the inner Mil. W 
bubble* should lie in the center. 


iU' A slight error in this /expect 
fMrhe-*‘ Warren ” gauge has two , 
a complete circle, whose diam* 
bar. 

spike hammers should not 
'length of about 10| inches, 
occasional very hea^ 
Hie 10-pound striking 
k Niseis rather than to 
ly done. The ballast 
lie for ballast and are 
' broken ballast of 

Fig. lal' They 
track gang, but 
inability of 
unexpected 
effective, 
be plac^ 

t: 

unk in 

n* 
ion of 
ir.refinenient 
.5 in., the fffth 
^uter rail and the plain 
is properly adjusted the 
Of course the adjustment of the 



level bubbles should be carefully watched and fllMjnently adjusted 
if necessary. 

S^hovel«. The best shovel for track work is the short handled 
sbov^ with square poin\ made out of a single piece ai emeiilo 
steel. Tho blade should have a length of about in. Wh 0 i|;' ' 
has bewi worn dowa:^9 in. it should he :ate^r-4(^ 

, Its use is theu uneecmoiuieaL 


I 
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for liandHnfi; eiaders and paoked snow. The long-bandied shovel 
Is for digging post boles. It should be Foan||ppointed. 

The above lia|pincludeB only^e tools wmch will be required 
by almost any track gang. Oanij^ooks and peavvss are frequently 
neoessary for handling Blastiii|^ wedges, powder 

and fuse are sometimes need^" to break im^ieses of rock which 
may have fallen into ^ cn^ Oulrailffi) ancrmridge channels get 
choked up with timber * * ^ debtjb or various kinds which ma/need 
'To^ and tackle to cledk t^hero. A jim-crow rail bender is ocoa- 
sionaUy necessary, althoujii^h ^e sucdi ntay made to serve two or 
more section gangs. « 

152. Work Traltta. work of alraek gang is usually 


confined to one section.** which is 


miles Ion 


S.\ i4,. 











here they are 


doneW an bxtensive 
a<Vi 'W>^kPiub8tittftetl throughout, or, in 
Si tbdro in any work to Ibe "doo/b^whicji is bc^yond the 
routine work of keeping the track np condition, then 

a work train wtfli Rf*usual Isrce of latMHP^n accomplish the 




a work train wtfli Itf^usnal Isrce of lat 
wo^k with greater economy. 


The work train is usually Wuled by the tM||g|^gine on the 
road, Botnetimes by oi|p which w'ould otheru'ise rosent to the scrap 
heap. Whatever the j^tification of this policy, it may lie carried 
so hur that the n^Iar train service suffers by the inability of the 
work train to keep out of the way of regular traffic, or else there is 
' ^ iidae economy of wasting the time of the work train gang while 
^ ttyfeg to save by utilizing a worthless engine. A passenger engine 
whidh may have proved too light for regular service is preferable 
to# engine, since the work train should be capable of mak- 

speed hi, rutming to a sidbg and the load is usually light. 
















a 



«e the n^ppilsr Moedale idle not 
od long on the main trade, especially on a 
ding mnat be done in the shortest possible 
plies that a part of the ^Qg diould remain^ 
train is running off to unload and that they 
) if the train must run to a siding merely to 
as. Daring such times the men can serrae. 
il from the side slopes and loosen up the nll- 
that it is all ready for shQlrelBng when the 

ndt Very dw|», inch matddal is sometimes 
p of the bank, even by using a temporary . 
earth is thiaown and then again sboTel^ to 
In any such oasel^e eiirth should be thr|iw^ 
e of tbe bank so as to guard l^ihst itsT 
the out. It also sltouM not interfere wi^ 
h should have been cut oh the "itolM^i^llMMi 
waUse.|ro^ tbe slope above from runnlpg 


1^. The methods to be used necessarily 
B of supply. If ties were obtainable from 
[vered along tbe right-of-way on every sec- 
r litije if any dist^u iion by a work train 
l^hen, as the other extreme, there is no locally 
lies must be hauled ihany miles and so dis-' 
lent .distribution, by the trackmen will be 
S^ce economy requires that ties shall 
I actdal count of those which are defective, 
M is that a nurkei^shall be placed along the 
requifra, or that the number required 
Ive telegraph' poles shall be marked on tite 
sCea asmtoe train approad^e^. By .this 
off fS^nired while (he train is mov- 
six miles per hour. On light traffic roads 
(ioa‘ is frequently done the local freight 
y be .luid often is the^best policy, the co^ 
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Distrlbutlns: Rails. Hie meth 
pends very largely on the cars on which 
on their length. They are dropped oil ||i 
to flat cars, but frequently they are loaded 
ill box cars by making a hole in the end o^^ 
and GO feet can only be loaded on to two ci^* 
they are l^ing unloaded in one place simp; 
of some kind, even though tem|)orary, is 
tribiition uiong the track they are either d 
the car or pulled off froia the end. If th 
side they are apt to be kinked. Sometimes t 
made of two timbers or pieces of rail abou 
is impracticable in some localities and it la 
tauce from the track. The car to lie imii 
be placed at the extreme rear of the train, 
tached to a suflicieut length of rope may be 
bolt holes and the rail may be drawn off 
“dolly” on the end of the car the rail may : 
hand. As soon as the center of gnivity pas 
end falls easily to the track and then, pullirl^ 
other end is let <lown easily as it drops off. 
flexible that a considerable part of the length 
the ground before the other end leaves the cai* 
jnred by dropping on the ties. 

When the rails are especially long and h 
is to hook on the rail-hook and attach the 
around a tie. Then let the train move ali 
drawn off. Even the dolly under the rail af 
unnecessary with this luethotl. If rails ar 
two such ropes and hooks may be used siii 
little iflbre care this may be so done that the 
exactly at the i*equired joint, even a 
tliMS j&iiits on the two lines of rails. By 
the car carryii)^ the rails, the rails may pa 
on to tile ground without any danger of inj 

Hie reverse operatmn—loading old mi 
jluad costly work when done by hand. The 
means of a derrick. If it liiiist be done vrit 









the circumstances are so {srorable that 
cubic yards per day, the work may be 
hand shoveling. This is, however, about 
good lifianagenient a large shovel can take 
than it can be done by hand. 20 cabio^' 
cost of f 1.25 per day makes tilie gravel 
cubic yard loaded on the car at the pit. ' 
hauling on a Western railroad was compi 
to be 0.35 lent per cubic yard per mile, 
handled was very large and the cost may I 
ally low. 

When the work is done on a small sea 
the gravel is loaded by hand, hai^d metb 
unloading, but there is great economy in 
unloading. This implies the use of flat c 
almost universally used for ballast work—I 
anted ballast cars. The plow's are “ center 
unloading,’’ and some of the most recent 
that they will unload all to either side or wi 
in any desired proportion. The plow is dra 
cars by a cable. Tlie cheapest method is 
desired, set the brakes, uncouple the locdf 
1;|" or 1|" w’ire cable. Commencing with 
the loconio|^ve moves ahead and draw's th§ 
This method' has many objections, espectpfi 
curves. A much better method is to have a 
engine, which may be supplied by st^m 
flexible tube, if the car carrying it is pit 
the locomotive, or preferably which is suppll 
placed on the car. A wire rope from this i 
One grealUndvantage^^tlHs method lies in 
2 an 1» kept moving if desired while the pU 
If it is desired to disti^uie less bal 
the oar load, it may be don3|ply movi 
inch a speed t&at will give^the uesired 
method is very useful when * All fr« 

t washout By putting the plow at the rear 
die plow backward, the spea^uf ^ 



jemin^EEHtNG m 

ma^rial will lie deposited with »• 

If it is desired to fill up a hole, the 
deposited in one spot by simply Iiaaling 
ns the train moves forward. The Average 
I^Wlth a cable has been computed as about 
j yard. During recent ywrs many styles of 
lasily and automatically unloaded have been 
-dome of these have been designed with the 
^sed in X'onnectioD with local fUnght trains. 
^the grhvcl pit by a local freight going in 
are hauled to places along the toad which 
narliilS with stakes, are dumped with a delay 
then hauled *on to where they may lie side- 
V to the pit by another local freight. Gon- 
ng hopper bottoms are also used extensively 


r 


losr. This has become a very common form 
rain. When the construction of a railroad 
ed and work is liegun, any measure which 
g of the road for traffic has a very hi(i^ 
trestles have lieen built where embank- 
^of {iermauent construction. The prelirai* 
«tle8 is further justified by the fact that 
ion of an«||mbankmt-nt would often involve 
ith teams from borrow pits in the neigh- 
fill may be made hy||fe train as des- 
less cost. Ifacidentally, time id allowed to 
water flow through the hollow crosiJI^by 
'of the culvert required may be more accu- 
e cost of the ctilvej|, which may be very 
ferred to a tim^wi^ the road can better 
that many existing trestles were built the 
localities small th{it the trestle may 

^w confronted by the necessity of either 
filling MidNlEh earth. While the relative 
eipradisg on the local price of timber, the 
8U|qdy of available filling and the^methods 


I 
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to be employee], yet as an approJtimate figure 
fills ^s high as 25 feet may Ihj filled \w»tl^ ea 
trestle can be reconstructed. But when it is 
tioti that the average amount of timlwr req 
repairs of treaties is about one-eighth of the y 
lalior involved in maintenance is very great 
siguifioant on an eml)ankment, also that tlte d 
a trestle the disastrous results of a derailiii 
on a^trestle is so much greater than on an eml 
at which it Iwcomes economical to-fill with ea 
striicting the trestle increases until it may rea 
filling in of high trestles involves several 
features. Th6 hollow may .have at the lK)t| 
which cannot sustain a heavy embankment 
settlement. Such a settlement will prove 
any culvert unless a solid foundation may I 
such conditions a pile or concrete foundatio 
become a necessity. 

The dumping of earth and particular! 
and clods of frozen earth may do serious inju 
means are taken to guard against it. This m 
“aprfbn” on each side which will deflect th 
outside the trestle. As the piles grow on each 
space w’ill. Iw filled up. The longitudinal b 
apt to suflfir are f^metlmcs strengthened by 
may l>e old stringers, etc. Tlie filling shou 
along the length so that the Ixjiits will not 
by an unsupijorted pressure of eartlv on 
fornuHl merely by dropping earth loosely f 
will he steelier tha» can be retained perman 
frequently a disastrous slip. This feature J 
earth by scrapers as the filling pr 
thd additumi^ merit of packing Uie e&rih so 
settlement and the striuairftepy ' 
bed may be cemstructedli^A^^ 

Otherwise the settlement is so^ gfeat that s 
mast elapse before track ^kyi^ia^rmUiablt 
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Wtle 10 per cent. Thte earth^spreading 

foir two or threa routs jier caUic yard. 

ice filling material is an important matter. A 

soil is the bi>8t. ('lay is apt to l>e very trouble- 

hard it may be in dry weather, it will 

slip It l)eeotnes wet. Tills is esjieoialiy true when 

the base of a fill is on a steep side Hio|K'. In this case the whole 

fill igay alida down tlie liiW. One means of preventing this is to 

dig trMicdiesalong tj^e k1u|k\ Kveu plowing the surface in contour 

furrows may be sufikdent to prevent such a slip. The material for 

such a fill will usually'come as the H|^M>il from a wddemMlcut, loaded 

perhaps with a* steam shoxel into dump cars or on to fiats from 

which it is scraped by a plow, as pieviously descrilied. 

Tlie pract^ 9pf Iinmeilialely planting tufts of Jierinuda grass 

and even tree p which will take root and grow and thus bind 
5 ) 

the einbai^me *»rrtlier as well as cover it witli a surface of sod 
‘Which w'iU projb^i '*from rain-W'ash is a measure of triut economy 
which always jiays. jjjie total cost of hucli a fill must combine tin 
eost lit loading, hatvliig, spreatliiig (if it is done) and the other 
,expense# iiscldratal to making a finished embankment, but the 
record made by maity roads on (bcse itmns show that it may be 
done abverjl^iiftu^ less cost than by the methods which Are usiptl 
or possible during the original couhtruction d the road. 

;ti|. QrgMiltaHon of Track Maintenance Labor. Although 
t|iere1l#naueh,variatipu in' the pra<‘tice of roads a% to the^uocession 
of authpri^ among {he higher officials of (he road, there fs a very^ 
gey^eral ajgrpenient m placing the immediate supervision of the 
taspk fpr ea^ division of approximately one hundred miles under 
a maa knowb as ^oadmaster or jierliaps supervisor. Some roads 
exteiM^ the afitliojn^ of the road master over a greater length of 
n»d aad. Ajau amioint ‘‘supctrvisors” who individually control 

rliu rep>rt to the road master. The supervisor 
^ superintends the work of the several section 

usually repcM^Hk division engineer, but 
fceptional ipip^Mne or which ihay involve 
the roadmaster ia expected lo do his iputiiie 
orders aa4 to be responaible for its pro]^ 
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execution. The roadmaster should be thoroughly couTersaut with 
every phase of the work done under him, and although it is prefer^ 
able that he should have come up from the ranks, he should have. 
a far better education than is possessed by the large majcmty of 
track laborers. The best roadmasters are those who have a technical 
education but who have served a sufficient timeiu*the ranks to 
have become familiar with the practical details of track work. 
The Southern Pacific li. R. Co. require a roadmaster to *^^u(s 
over the entire straight portion of his districts, either on foot or 
on velocipede cars, at least twice every month, and over that por¬ 
tion in canyons and in the mountains at least three times per 
month.” lie should have the work of the entire division so thor- 
oughly mapped out in his mind that he has a sufficiently clear 
idea of the condition of every part of hks division at any time and 
thereby save himself from censure due to any utglect of the track 
work at any place. 

The most elective way to do this is to have the section fore¬ 
men under such a state of drill that there will be no hiilure to 
remedy any slight defecPor report a greater one. The roadmaster 
must rely on his discipline of the section foremen rather than on 
his personal observation, although he should not relax any effort 
to make his personal observations as thorough as possible. 

The section foreman should generally lie a man who has served 
his time as a track laborer, but he should also be a man who has 
sufficient education and intelligence to make out reports and cor¬ 
rectly interpret plans and tabular statements. Another absolutely 
essential quality is an ability to control men without violence or 
abuse, lie should* not only thoroughly understand all the details 
of maintaining a track in condition, but should be able to repair a 
track and*make it safe for trains in any ordinary emergency such 
as a broken rail, a washout, or a tearing up of the track due to a 
wreck. He should ^tmiliarixe himself with aU ml^ of the road 


regarding train running wiUi whidi he may ever be immedhtNljT 
Qcmcerne^ an<^ also with airrnles and standards of track cunstrue*^ 
ti<m which may have been adopted. The last quallfiealioii, vrikldh 


is beo(Hning more and more ^Nsential^ raiaes standard lor dee* 
jdon forem^ above wlmt was fanmerly eensicbredl nehesaaiy. 
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. Manj roads require (by their rules) that the foreman shall 
take part In the manual ]HlK)r of*the f^og. The wisdom of this 
rule depends somewhat on the work bmiig done and on the numo 
her men in the gang. If there are as many as eight laborers in 
the gang, the foreman may hrfve all he can do in directing them. 
It is fre(iuently advantageous to have the men work in pairs, and 
when the work is light, it may Ihj Injst to have live laborers with 
th(<^oretnan in a gang, and then the foreman may work with tiie 
odd man. 
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ECONOMICS 

RAILROAD FINANCES 

159. Capitalization. Practicttlly all of the following state¬ 
ments regarding'rapitalizatiou, etc., of the railn>ads of thecountiy 
are taken from the reportsS of the Interstate ('ommerce Commission 
and may, therefore, be consideretl as reliable as any which are obtain¬ 
able. Many of the following figures are taken from the report for 
the year ending June 30, 1912. At that time the capital stock 
was given as $8,022,400,821. Disregarding the fractions of nul- 
lions, the funded debt, expressed in millions, was 11,130, or a total 
capitalization of 19,752 million dollars. This represents approxi¬ 
mately one-tenth of the national wealth. The “investnumt in road 
and equipment**, to June 30, 1912, was stated as ir»,(XI4 millions. 
Unfortunately the financ'es t)f railroads h«\e been so manipulated 
that any statement of “cost of road’* do* ^ not usually represent 
the capital actually silent on construction. 

Tbe above figures apply to 237,467 miles of line, the total 
mileage bdng nearly 247,000 miles. The railroads directly employed 
1,716,380 emploj'es, to whom they paid over $1,252,000,(XK), 
which was over 44 per cent of tiie operating revenues, amounting to 
more than $2,842,000,(XX). The employ es represent a population of 
perhaps eight millions wrho are direc'tly dependent on the railroads 
for support. Considering the indastries, such as locornorive and 
oar shops, which depend entirely on railroads for buriness, and also 
the industries, such as steel mills and bridge works, which have 
raHfoads as their hugest customers, it may perhaps be estimated 
that one-foarth of the entire population of the country are directly 
^ Indirectly de|iendeat f<»r their support on railiiCNBds. 

H the niguifM^t is cairied st31 li^er aii4.tfae fact is reoog- 
ited that a v^1luge*propordQa of ^ products 0 agriculture, 
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mines, and manufactories could not otherwise be transported *to 
consumers, or would not be utilized and, therefore, would not be 
produced, the debt of the country to railroad transportation may 
be better appreciated. 

Although the stocks and bonds of many of the smaller rail¬ 
roads are owned by large corporations in their corporate capacity, 
yet of the total of 19,752 millions of storks and bonds outstanding 
in 1912,13,9{^ millions, or about 71 per cent, were owned by “other 
than railroad corporations”—chiefly private investore. On the 
basis of total assets of 19,752 million dollars and an estimated 
population of 95,172,(XM) people, the average ownership is over 
$207 per head of population. The total operating revenue of over 
$2,842,000,(XX) represents an average payment of nearly $30 per 
inhabitant, for the year. The “number of passengers carried one 
mile” was 33,132,000,0(H), which means that the average passenger 
traveled 348 miles during the year. The average number of pas¬ 
sengers on a train was 53 and they traveled an average journey 
of 33.18 miles. 

, The “number of tons of freight carried one mile” was 
264,080,000,(XX), which means that the average inhabitant supplied 
a freight business equivalent to moving 2775 tons one mile, or 
moving one ton 2775 miles, or moving 50 tons 55 miles. As an aid 
to grasping this perhaps incredible statement combined with the 
statement of an average annual payment of $30 per inhabitant, it 
should be remembered that w'henever a ton of coal or even a |>ound 
of sugar is bought, the price paid includes payment made to a rail¬ 
road company for freight. 

While the above figures must be (*un£adered simply as aver¬ 
ages, and not necessarily applicable to any one road, they give some 
idea of the«magnitude of railroad business and what the average 
railroad may be expected to do. Considering, however, that the 
great railroads of the country are already built, and that the roads 
yet to be built will probably be of minor importance, evmi such 
an average statement could hardly apply to any new ent^inise 
aaoept^with a very large discount. 

1(1^ Stocks ami Bonds. An ordinary mercantUe business, 
even an ordinary factory is conducted <m the caiatal dheetly 
, |$r$ished ^ owner' or owners. Theietote aaay mm 
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tbe operating expenses may be applied as dividends no matter 
how small the percentage. Very lew of the railroads of this country 
have been constructed, even approidmately, on this basis. Usually 
a large part of the virtual ownership of a railroad is represented 
by bonds. The limit of the issue of the bonds may be that which 
expresses the confidence of the public in the enterprise, or, in other 
words, the value which it is assumed that the whole property could 
be'l^ld for under a foreclosure sale. 

During the early history of railroading, when railroads were 
being run through well-established communities which were with¬ 
out railroad facilities, the success of the enterprises seemed so 
certain that little or no difficulty was experienced in borrowing 
on bonds capital sufficient, and even more than sufficient, to construct 
and equip the road complete. But such opportunities are practically 
past. The capital stock actually paid in represents the margin, 
or the uncertainty between what it actually will cost to build the 
road and its estimated foreclosure value. The nominal issue of 
stock is usually about equal to the issue of bonds. In 191J, tbe 
ratio was 86 to 111. 

At its best, the inception of such an enterprise means a con¬ 
siderable outlay of money. A group of men, acting on tbe belief 
that a road passing through certain towns ill be a profitable enter¬ 
prise, forms a temporary organization, develops the enterprise, has 
surveys made, and then if the developed plans still look encourag^, 
has bonds engraved and placed on the money market for sale, 
usually through a financial s.Midieate. Even if it were possible 
to raise enough money for actual construction, the amount of money 
required for this preliminary work, although but a small percentage 
of the gross amount required, is sometimes a large sum of money. 

Tim gross amount required is increased by the frequently 
^nored fact that a road does not attain its ‘'normal” traffic for 
five or ten years after it begins operation, and unless it has sufik^ent 
hinds “woridng capital” to tide over the initial period when it 
does not perhaps pay operating expenses, it is very apt to go into 
the hands of a receiver. 

Stocks and bobdt may therefore be considered as representing 
two fi)nns»of ownership. Ihe interest on the bonds Is a Hen on 
the reeriptst^after the qperathig expenses have been paid. Such 
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interest must be paid in full before any dividends on stock may be 
paid. The security of the bonds is therefore compaiatively go<^, 
and the profit comparatively certain although it is small. 

On the other hand, the stocks are much more speculative. No 
dividends are paid until the operating exjwnses and the bond interest 
are fully paid; and if the latter is not paid, the bondholders have 
a right to dt'mand that a “recei\or” be appointed and if necessary 
that the road be sold. Since su(h a sale will not usually realize 
more than the face Aulue of the bonds (and sometimes not even 
that), the stockholders ma,\ lose their entire investment. But if 
the road makes nionev, the ex<ess v^hich may be allowed for divi¬ 
dends may be a very large return on the amount of capital actually 
paid in. It may very easily lie shov\u that a tomparativel.v small 
change in the amount tif business done may suffi<e to change a 
good profit for the stockholders into an actual deficit, which makes 
a receivership dangerously probable 

The relative profit on stocks and bonds and the fact that rail- 
nmd securities, although sometimes vctv profitable, are very pre¬ 
carious in v'alue is shown by the lollowing statements: The year 
ending June 30, 1902, was the l)est .vear (up to that time) ever 
known in the railroad business. But, in spite of this, 44.G per 
cent of all railroad stocks then in existence jMiid no dividends. 
The average rate paid on dividencl-pajing stock was only 5.55 per 
cent. Even granting that much of railroad stoc-k is “w’atc'red"— 
W’hich means essentially that it re])resents little' or no cash actually 
paid in—the fact remains tluit during that jear 44.0 per <?cnt of 
idl the stoc'k issued paid no dividends. From 1895 to 1897, over 
70 per cxint of all railroad stocks paid no dividends. 

The record regarding bonds is muc h better, the percentage of 
the entire bond issue which failed to pay anything during 1901-2 
being less tlutn 5 per cent. While it is tnie, almost without excep¬ 
tion, that a railroad builds up the section of cx>untry through which 
it passes and increases its value far beyond the cost of the road, 
yet it is also true tliat very few’ roads which arc old enough to 
htve a history have escajicd a’jreceiv’ership at some time in their 
growth, ev’en though they may now’ be gilt-edged properties. 

ftlil* Gross Revenue. The j^timation of the probaUe vhluine 
o|f traffic or the j^ross revenue of a proposed road canendy be a{^peck 3 &> 
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imated at best and even this requires experience. Since it requires 
five years or more for a road to attain its normal traffic, investors 
should m>t Ik* disiip{M>inlt'd when tin* returns for tlie first few years 
are leas than those aiiticii>ute<l. 

The only practicable method of estimutiiifr troffic is to study 
the resources of the belt of country w Inch will be tributary to the 
propiistnl line, estimatiiiji' the business obtainable from every fac*tory, 
mine, blast furnace, farm, \illuge, etc. When, as is usual, the 
line passes through or reaches cities which are already supplied 
with railroad fadlitics, the <letaii('d computation of business becomes 
very uncc'rtain. But if the chief business of the rcnid is to develop 
lot'ul business aloiif^ a route which has no other means of com¬ 
munication, then the computation is eusi<*r. The two dangers 
in the methotl lie in the entire iu“gle< t to allow for c-ertaiu important 
.sources of income and, on the other liand, to overestimate the 
iiu'oinc from a eertaiu sunns*. Analogous to the last is the negle(*t 
to allow f<»r present or bitiirc* competition, w’hich may practically 
out off sources of income. 

Although sonu* id(*a of the ])rodu(‘t of factories and nines 
may be obtained from records as to their present or prosjiective 
output, the iin'ome from pass<*nger business can only lie computed 
from comparisons with other roads, 'i'he freight business is gen¬ 
erally tw'{)-thirds of the business of a r .ul, except on tho.se roads 
which have an eiionnous suburban traffic. The average receipts 
pt*r passenger mile are about 2 cents, but it is tlie enormous com¬ 
muter business and the growth <»f tra\el on 10(K)-mile tickets whidi 
bring dowm the average to this figure from the usual charge of 
3 cents iK*r mile and the e\ eii higher charges on roads with light 
traffic and very heavy e\pc*nses. 

As a rough check on the alH»ve methcal the annual reports 
of the Interstate Commerce Commission give the gro.s8 earnings 
from operation for the road in eac It of tliree se<*tions into which the 
(xmntry has beem divided. I>iv iding this gross value by the popu¬ 
lation of the .section (w'hich i.s dt*dueible from the report) an average 
value per head of population for that section is obtainable. Hie 
value for the whole Cnited States is, as previously stated, nearly 
$30, but the value for some one section may prove ejuite different 
from this! Multiidying the value obtained by the population 
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which may be coniddered as tributary to the route of the road» 
we have a very approximate value for the uioome cl the road. The 
two obvjous weaknesses of the method are that the recripts of 
the proposed road may prove very different from the average for 
that section and also that the computation of the tributary popu¬ 
lation is a very uncertain calculation. But since the method may 
be easily tried, it furnishes a check of some value. 

As a better check there are usually one or more roads which 

•I 

may be selected which have substantially the same characteristics 
and whose incomes per mile of road are nearly equal and which sup¬ 
posedly equal tl»c expected income of the proposed line. A'ssum- 
ing the existence of such roads and that the engineer has sound 
judgment in estimating their characteristics, this method should 
be employed if possible, at least to check the value of any other 
computation. 

The number of passengers per train is of course very uncertain., 
The average number of passengers carried for each passenger-train- 
mile, as previously stated, was 53, which is less than a car load. 
Ami when it is considered that even this average includes the heavy 
traffic roads and the well-filled trains on suburban roads, the average 
number on a light-traffic road must be very small. The number 
of passenger trains per day bears but little relation to the number 
that can be carried in one train load—as the above (53) shows. 

The passenger business must be developed, coaxed, and encour¬ 
aged, w'hich can only Ihj done by a frequency of service which b 
usually far ahead of the requirements from a mere hauling stand¬ 
point. It is a very poor road which cannot afford two passenger 
trains per day each w'ay. The total number of passengers carried 
might not suffice to fill one car, but it would probably be a far^ 
greater number than w’ould be hauled if were only one train 
per day. The criterion for an incr^ . ..^yrould appes)' 

to be as follows: 

When it may be shown that,. ^ ^ 

an additional train will so enoo; ^ the 

receipts will equal or exceed the cq, * '^**‘**' 

hritl be less than the average cost 'till®/* added 

train will evidently' be justified. ^ 

Hie average revenue per passeb^’ lor 1912 Wia 

t I 

•It 
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g^ven as $1.29^ arhidi includes receipts from, mail and express, as 
well as passenger receipts. The average receipts per freight-train- 
nule was $3.92, or more than taice as much, and tliis, in spite 
of the fact that a passenger, iveighing perhaps 150 pounds, paid 
1.087 cents per nule, W'hile a ton of freight paid 0.744 cent per 
mile. This great (hfferenee is partly due to the fact that the 
ratio of dead load to live load in freight is about 1:2, but on pas- 
sengjer trains it may be 5 :1 or even 10 :1. Another reason is 
that freight trains are made up, if possible, so that each engine is 
hauling about the limiting number of cars that it can handle (set 
as to reduce the number of trains required) while, as stated abo\ e, 
passenger trains are run frequently, and light, so as to encourage 
the passenger traffic. 

162. Monopoly in Railroad Business. One danger to be 
considered in the estimating of gross revenue, and also in the sub¬ 
sequent designing of the road and in the facilities offered for traffic, 

' is the assumption that the road ''will have all the traffic there is'* 
Even ignoring the effet‘t of possible future competition, wl u b 
may be encouraged and somewhat develo|>cd by a marked lack 
of facilities on an existing road, it should be recognized that a large 
part of the traffic dei^ends directly on the facilities offered. A 
factory’s very existence depends on its ability to collect its raw 
material, manufacture it, and deliver it at tbe door of the average 
consumer, perhaps in a distant cit>, as cheaply as other manu¬ 
facturers of the same article. lender close comixjtitjon, an increase 
in one fdngle item of expense, such ai^ cartage from the factory to 
the railroad, may make up the difference between profit and loss. 

The ideal location for a railroad is that it shall pass through 
the heart of the manufacturing district of any city and that its 
passeaga station shall ^ located in the immediate neighborhood 
he business ^ '. The purchase of such property 

for ttac«s and statlom 'ty is well established is of course 

v&y . ges of a location which is con- 

" ^ )cation are very great. These 

disav .der competition that a itmd’s 

traffic may oe pmetics’ Even the passenger business is 

giva% affected. Th * who will travd anyway regard¬ 
less of i]iC(mveB4eiie*~> ^rntively few. 

1 


m 
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The most important practical feature of this question lies in 
the fact, r<‘fcrrc<i to lx*fore, that the margin between profit and 
loss is very snutll, that a very large proportion of the*gn»s.s revenue . 
must be paid out for <»pc*rating exj)eiises, that nearly all, if not quite 
all, of the remaiiuler goes to pay interest on the bonds and only 
a small, doubtful percentage remains for dividends. Therefore, the 
dividends come literally from the uiinecess»»ry traffic which must l)e 
coaxed and which will not travel on a r<»a«l which lac*ks <*oiivcine^ces. 

The force of this may be seen still more by considering the 
easy financial condition of a well-establislMsl road. The receipts 
arc large and are partly sjxmt in creating still further conveniences, 
commodious aiul convenient stations, better rolling stock, etc. 
TIm'sc in turn cjicourage more traffic, which still further increases 
rempts, until there seems to be no end to the finamsal ability 
(»f the road. Such roads are the IViifisylvania, the New' York 
Central, and some others. On the other hand, the poverty of 
a road begets a poverty of scrxice which still furtluT de<Teases* 
receipts until ruin is in sight. Many a roa<i has been practically 
compelled to supply free <’artage for freight tor allow for it by a 
rebate) to compensate for an imsmvenient frtsght station. Since 
the Inters.tate C'ommerce regulations uowr j)re\’cnt rebates, rail¬ 
roads having imsmvenient locations f«»r stations or tt‘rminals d(» 
not have even that method of compensating their hundi<‘ups. The ’ 
enoriiK)Us .sums paid to bring passenger terminals into the heart of 
a grt'at city are instructive examples in this resjx'ct. 

163. Division of Gross Revenue. Of the more than 2000 
railroa<l corporations listed by the Interstate Commerce Com¬ 
mission, a very large nuiidwr of them are so merged with the 
corf)oratioiis operating them tliat their separate existenc*© is only 
evident on paiHT. The capital stock of many of them is partially 
or entirety owned b,v the o|x*ruting C'ompany and tliey are operated 
under a great variety of leases, etc. It is therefore difficult to 
obtain fr«>m the financial statement of any of the large corpora^ 
tiona the division of gross revenue. The following case is faiiiy 
tjTpical of u simple, indepehdent railroad corporation: 

It is an independent road 371 miles long, with a cajMtal stock 
of *$1,114,400 and a funded ^«bt of $9,415,000, which is made up 
of bonds to the amount of $8,555,000 snd ^equipment thrust obll-. 
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gatiitfis” to the amount of $860,(XK). This is evidently a case of 
a road built chiefly <mi the proceeds of the bonds, the issue of stock 
4>eing quite small. The gross* rc\ eiiue for 1901-1902 was $1,708,937. 
Of this, $1,101,884 or 64.5 per wnt was spent in op>enitiug expenses. 
Of the remainder, $5r>2,821 or 32.4 per cent was needtsi for the 
"fixed charges". Tliis left only $54,2.32 nvuilable for an.\’thing 
else. Although this ainountcsl to nenrl> 5 per (s*nt on the rather 
small tissue of capital sti)ck, no dividend was dwlartsl. It was 
evidently preferre<l to add this amount to their working capital 
or perhaps to use it in improv einents. Such an action is virtually 
the reinvestment of profits for the improvement of tlie road. 

The complication, due to the corporate ownership of railn)B<i 
stcKjks and bonds, as well us other iiuoinc-l>earing pro|)ert>, by 
railroad corfKjrations, makes it impo'.sible to analj/e the financial 
statements of most railroad companies as easil.v as has been done 
above. A disbursement item l).v one corporation is an income 
item for another corporation. The Interstate ('ommerce ('omaiis 
sion publishes each .vear a statement which analv/cs the reimris 
of all the roads of the countr.v and considers them as one sjstem, 
w'hith is done by eliminating all but the net balance of all inter¬ 
corporate payments. Some of the itcuns of the statement for the 
year ending June .36, 1912, an* as follows 

• . a «_ V 


(MiIIioiih) 

C)porHtmg revenues irail operutionB; 

OiM^rating expi’nsPM nail o|>eratioiisJ 1,972, 

Total net revc'nue (adding a million from ‘‘cHilside o|MrationH’ } W71, 

Taxes accrucHl. 120, 

Operating income ~ 751, 

Othes income (chiefly dividends and int«rest on Htocks ami wcurilii's 
owned).. flfl, 

Gross memme 840, 

Deductions from gross income 0’b«*fl> mieust on funded debt and net 
intercorporate balances) 488, 

Net cxnpcvato incxnM for year 852, 

Adduig balance of profit and less, June.{(), 1011 1,124, 

OmsB cHiraiua, June 30.1912 1,477, 

Net Um ouring year (from *‘adiustmc‘nts, throu^ profit and lo«’'} 30, 


$ur|duB available for appropnaticm 
dividends deelarcu dunng yvat 
AppfupfiatKiiM for extensums bettenrnmts .. 

Balanoe, earned to^ffsneral balance ahaei.. 

f 
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Although it inay appear ultraconservative to have allowed 
divulendb of only 299 millions when the “surplus available for 
appropriation” was nearly five times that amount, it should idso' 
be noted that the net balance carried over was but little over one- 
half of the annual operating expenses. The balance, after paying 
interest charges for the year, would not run the roads four months 
if all income were cut off. While this is an inconceivable contin¬ 
gency, the marjpn for working capital is none too large. *Even 
this margin was reduced 30 millions during the year. 

164. Fixed Charges. The fi\e<l charges of a simple railvray 
corporation which operates only the line which it owns will consist 
chiefly of the interest on its hoiwls. Besides this there may be 
the interest on “equiimieut triu^t obligations” w’hich are merely a 
partit'ular form of bond issue«l to pay for equipment needed by 
the road. Another item will be the interest on sundry interest- 
bearing current liabilities; this is generally but a small percentage, 
of the fixtsl charges, but the current liabilities are often made ti» 
disappear by a new issue of bonds which take up an old issue and 
at the same time cover all flouting liabilities. 

1'he complicated financial relation.H existing between operating 
roads and their loaded lines intnKluc*e3 some other items w'hich are 
entered under fixetl charges. One of these items, which is alw'a^s. 
less than 1 per cent of the total fixe<l charges, is called “salaries 
and mainteiian<‘e of organization”. These refer to the salaries 
which are paid to a few of the general officers of a levied road w-ho 
are retained to continue such w'ork. Another item is placed, when 
it <K curs, among the fixed charges; this is the rental paid for a leased 
road. As this, is an “intercorporate” payment, it did not appear 
in the above general summary for the roads of the L'nited States, 
nor did it appear in the detailed statement of the road previously 
described, since that road had no leased lines. 

165. Net Revenue. The net revenue is that which remains 
after the operating expenses and fixed charges have been paid. Ri 
genml it is available for dividends, but practically a very codbmI- 
arable propurthm it will be devoted to improvmnenta car to the 
accumulation of a surplus which will serv'e as “worlun^ c^iital*'. 
During the year 1911-12, 34^67 per cent of raiboad stock paid 
dividenda* fithough thacaae ijuoted above fa but one of M«ny Jp* 
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'wfaidi there was a con^uderable surplus after paying the operating 
^expenses and fixed charges. Dividends of less than 4 per cent 
were paid on 2.67 per cent of stock. 

This small proportion shows the tendency to pass the dividend 
unless it may be made larger. About 49 i)er cent of the stock 
paid dividends vaiying from 4 to 8 per cent. This represents 
the bulk of the stock papng normal di\ idends. Smaller percentages 
of the stock paid higher rates. On 8.43 per (’cnt of stock, dividends 
of 10 per cent and over were paid. Of course this last represents 
roads which are short and very exceptional in character. It should 
also be kept in mind that the percentages of dividend'pa^ing stock 
quoted above are almost the highest of any in the history of 
railroading. If general railroad c'onditions should ever rc'tuni to 
those existing in 1896, when over 70 jHjr tent of all the stocks paid 
no dividends, railroa<l stock would l)e less attractive for investment 
4han now in spite of the abnormal profits wliich arc occ'asionally 
realized. 

166. Operating Expenses. Uniformity j)er Train-Mile. Tla 
classification of operating exi>enses here adopted will follow, both in 
general and in detail, the classification used by the Interstate Com¬ 
merce Commisaon. The figures given will, in general, be aeeragee. 
•This is further justified by the very reniarkab)< fact that the expenses 
per irain-tnile are nearly constant, whether ihe trains Iks few or 
many, heavy or fight. Of course there are very numerous excep¬ 
tions to this rule, but it will genenill.v l>e found that the marked 
exceptions apply to very short roails which cither have abnormal 
traffic or have peculiar financial relations with a parent company 
whidi is operating it. 

The report for 1901-2 show's that the ten greatest railroads 
of the country, each operating more than 40rK) miles of road, spent 
11.167 per train-mile. The average for the w'hole Cnited States was 
11.1796. It should also be noted that the ratio of total operating 
ekpeosas to total receipts from ofierations was 59.78 per cent for 

ten roads and 64.66 per cent for the whole United States. To 
judge of the operating expenses of smaller roads, the figures for 
No. 10» Table XIV, were taken from the report, the selectimis being 
huide at fandom egeept that the lengths were all leas than 100 miles 
fitfkd nine the roadi were *^opcntthig roatl* independent''. 
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TABLE XIV 


Operating Expenses 


No 

1 i>.N(trii 

OPfRAIINO llXPhltftPft 

Hatio up Total OPERATiKa Expknmr 
TO Toiai RrctiPTB raou Operation 


< mile h; 

rLK Traiv-Mii » 

9»pr cent) 

1 

21 2.'» 

so 7(Xi21 

71 62 

2 

32 60 

0 47S2S 

64 21 

3 

31 00 

0 6(X}49 

96 12 

4 

64 10 

0 90.5S8 

43 41 

.0 

42 (X) 

0 .5432.1 

63 07 

U 

61 (K) 

0 7,5;i.')7 

HI a5 

7 

50 00 

0 S71.56 

IX) 32 

« 

.50 39 

2 07044 

97 .58 

9 

70 7M 

1 02S.54 

.>1 46 

10 

,52 20 

1 719.52 

62 1.5 

Av««iuk( 


50 97167 

72 30 [ 

10 loiui'. 

1 167 

.59 78 

Wholi' 1 

[' W 

1 ITiMiO 

64 66 ( 

( 


A littlf stu<i.> t)f the above figures will slum, as might In; 
exixjcted, that local coiMlitions will so affect a very small road that 
its operating c\p<‘Us«*'> |kt train-mile may be con'dderably more 
or considerably l(‘sj, than the average. The a\eragc value for the 
ten short roads here ehostm is les.s than the average for the rnite<l 
States, and although two of the ten are much greater than the 
average, it i.s found that the a\ erage value for .short n)ads is a little 
Im rather than more. 

The n’asons for the uniformity are not difficult to understand. 
Although the gross ex|>ense of any one item (such as rail renewals) 
for a large roa<l is enormously greater than the same item for a 
small road, the di\isor (the number of trains) is correspondingly 
greater anti the quotient, which is the expense for that item per 

T 

train-mile, is substantially uniform. 

Aperage Cost of a Train-Mile. The increase in the average 
cost of a train-mile is shown in Table XV, which gives the average 
('ost of operating a train 1 mile during 23 consecutive years. The 
nearly tintform growth of ovW 73 per cent between 1^5 ami 1912 
is very signiheant. While predictions of future cost are necessarily 
j^esswork, estimators in railrofid econonucs must make the best 
^ppssiblepffedi^ons for fi\e or ten years ahotd. There seems to be no * 
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TABLE XV ^ 

Average Cost of Operating a Train 1 Mile 

(\I1 loiuls m I S) 


Yea* 

C«NT8 

... 

XrAK 

Csvre 

1S90 

90 006 

18% 

9.1 S3S 

1891 

9.1 707 

1SM7 

92 91S 

1H9S 

96 5S0 

IS9S 

9.") 6.1.> 

lVJ.t 

97 272 

! 1S<)<) 

9S .1<)0 

1S«»4 

9.1 t7S 

l‘M)0 

107 28H 

1S9> 

91 829 

1901 

112 292 


V 1 Alt 

ClNW 

Vaab 

Obutb 

1902 

117 960 

1908 

147 340 

1<H).} 

126 601 

l‘)09 

143 370 

1%1 

Ml 37r) 

1910 

148 865 

moi 

M2 140 

1911 

1.14 3.38 

moo 

M7 (HiO 

1012 

1.19 077 

1<M)7 

116 'MKl 




rt'ason to hope for a decrease in the rate or to e\iM*ct hu\ thing elsi* 
than a contiinM*tl increase, c\en though it may pn»\e less rapid 
than hert'tofore. 

167. Classification of Operating Expenses. In Table XVI is 

^ slioAMi the clas^iihation adopted b\ the Interstate (’omnicr<*e Com¬ 
mission—the total cost for each item, ea<h item’s per cent Jiart «‘f 
the total, and the cost in cents jnr trunwnilc, vshidi is found l» 
multiplying each jKTcentagi* by the average cost ja'r train-mile for 
that year ($1.59077, or 159.077 cents). While thcs<' a\( rages are 
very instructi\e in giving a broad view of the snbjcit, tiny must Iw 

^ use<i cautiousl.v. For example, the luel rt<|Mired iwr mile for lo<*o- 
motives is a veiy variable qnuntitv, deix*in’'ng on the si/c of the 
locomotive and the amount of \\ork done, and it v\ould l)e very 
foolish to make any calculations on the basi*, that the cost of fuel 
per lo(’Omotive-mile ^ould he exactly JO 27 ccsits. 

168. Maintenance of Way and Structures. The cost of ties 
is the largest single item for trade materidl, the ccist |K*r train-mile 
has nearly doubled since 1S95. This has been due to a eornbinatioii, 
in varying propijrtions, of three causes - fa) iiuwascsl cost of tie**; 
(b) lowering of quality to pass insiH'ction, due to growing scarcity; 
and (c) increase in train load and concentrated \\hecl load, resulting 
in more rapid deterioration. There seem.s to l>e no chance of deeroase 

^ in cost in the future unless possibly by more effective preservative 
processes or by the invention of a metal or a steel-ssincrete tie* which 
^all be so durable that, in spite of incTeased first it is cheaper 
per tndn-mUe. 

• Tbc cost of roadway and track (item 6) is the labor of track 
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TABLE XVI 

Analysis of Operating Expenses of all Railroads in the United States* 
for Year Ending June JO, 1912, Showing Percentage.ef Each 
Item to Total and Cost in Cents per Train-Mile 


ITI.K 

No 


I 

•» 

3 

4 

5 
H 

7 

8 

g 

10-12 

13-ir) 

16,17 
IS 
19 

20,21 
22, 2.1 


24 

2r>-30 

84-36 

37-30 

4a-42 

43-45 

4b 

47 

48 

49. 50 
51. r>2 


5M0 


Aci Ol NT 


MAINTI N^NCE OF W\Y AND 
SIHinURES 

SuiM»rmtt‘nrleno«‘ 

Buiast 
T»8 
Rails 

Other track material 
Iloodnay and track 
lleroova) of snow, sand, and k e 
Tunnels 

Bridges, trestles, and eulveits 
Crossings, all, fences, snow structiin's 
Signals, telegraph,eloctiicid power trans-] 
nnssioti 

Buildings, groundh, docks, whar\(s 
Roadw av tools and supplies 
Injuries to pi'rsons 

Stationeiy, printing, and other expenses 
.loint tracks, etc (net balance) 


Total 

Auolnt 

|(t>bou8andB)| 


MAIMFNANCL OI- LCJt IPMFNT 
Superintendoiico 

Repairs, lenewals, and depreciation 
Locomotixes, steam ana ilectnc 
Cars, uassens^r 
Cars, iTC'ight 

Equipment, electrical, cor 
Equipment, floating 
Bkjuipmont, work 
Equipment, shopfmachinery and tobls)] 
Eqiupment, power plant 
Imunes to persons 

Sf&tionory, printing, and other expenses 
Joint equipment, at termmals (nut bai< 
ance) 


TRAFFIC EXPENSES 

AgeocieB; advertising; fast frright lines j 
et«* 


$18,789, 

7,157, 

55,463, 

16,438, 

17,346 

129,397, 

6 , 020 , 

L141. 

27,712, 

8,066, 

13,681, 

35,889, 

4,480, 

1,980, 

1,038, 

3,463, 


Pub Cunt 
or Futai 
ExrBVDBa 


59,047, 


0 900 
0 377 
2 021 
866 
914 
6 815 
364 
060 
460 
425 

720 

864 

236 

105 

054 

182 


1 


348,471, 

18 353 


13,175, 

694 

1 10 

175,889, 

9 263 

14 74 

38,968, 

2 062 

3 26 

183,968. 

9 690 

15 41 

1 318, 

017 

.03 

1.333, 

071 

• U 

6,128, 

322 

51 

10,418, 

548 

87 

I 268, 

014 

02 

1,818, 

.096 

15 

4,036, 

.213 

.34 

676, 

036 

.06 

436,095, 

m 

1 

36.61 


8 110 


CcNmrBH 

Tiijuc>- 

Mii* 


1 58 
60 
4 65 
1 38 

1 45 
10 84 

.68 

10 

2 32 
68 

1 14 

2 96 
38 
17 
00 
29 


4.05 
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TABLE XVI (Continued) 


Aaalyela ct OperatinU Expenses of ell Rellroeds In the United States 
for Year Ending lune 3t, 1913, Showing Percentage of Each 
Item to Total and Cost In Gents par Tniln»Mlle 


Itkm 

No 

L 

Aicot'rr 

Totai. 

NT 

(ihuuMundit) 

Pm CsMT 
or Totai 
Expenuds 

Cemtbpu 

Teaim- 

Mtut 

■ 

TRANSPORr^iTION 1 XPENSLS 

Superintenden^'p and train dispatching 

*40,743, 

2 146 

3 41 

Kw 

Station emplovcs 1 133,877, 

7 051 

11 22 

64-66 

Weighing; car service association; coal 
and ore dorks 

15,949, 

1 

839 

1 .33 

67-72 

Yards (wag<‘s, expcnsr's, supplies) 

116,781, 

6 151 

9 79 

73-76 

Yard locomotives (fuel, w ater, lubrieants, 
supplies) 

33,658, 

1 773 

2 82 

77, 7S 
104,105 

\Operating joint tracks, terminals, yards, 
I and facilitu's (net balance) 

10,430, 

.550 

88 

79,80 

Motormen and rood eiigincmen 

120,966, 

6 371 

10 14 

81 

Road locomotives, engine-house expr'nsc's 

3.1,951, 

1 788 

2 84 

82 

Road locomotives, fuel 

194,142, 

10 225 

10 27 

83 

Road locomotives, water 

12,482, 

657 

1 04 

84,85 

Rood locomotives, lubricants, and other 
supplies 

7,430, 

392 

.62 

86,87 

Operating power plants, purchased 
power 

1.797, 

095 

1j 

88 

Road trainmen 

128,330, 

6 759 

10 75 

89 

Tram supplies and expenses 

34,462, 

1 815 

2 89 

90-92 

Into-lockers, signals, hagmi'ii, draiA- 
bndges 

17,S31, 

939 

1 49 

93 

Clearing wrecks 

5,1(>7, 

272 

43 

94-^ 

Telegraph, floating l•qulpmcnt, station* 
eiy, uuscellaneous 

. >,009, 

1 054 

1 68 

99-103 

Loss and damage to property, iicrsonal 
injuries 

.56,838, 

2 !)94 

4 76 



984,8,)2, 

51 871 

82 51 

106-116 

GENERAL EXPEN'bES 

Salaries of general officers, clerks, etc , 
law, insurance, pensions, miscella¬ 
neous 


3 650 

5 81 


1 Total Operatmg Expenses $1,808,662, 

100000 

159.08 


tnamtengnce. The average daily wages of trackmen have increased 
""nlmost uniformly from $1.22 in 1000 to $1.50 in 1912; the wa^s of 
sectimi ionmen are quite uniformly about 30 per cent above those 
of trackmen. The number of trackmen per 100 miles of line has 
^ also kucreaaed 'hipm US to 143 in this same period, but th^ liave 
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been greater fluctuations. The increased number and increased 
wages have combined to increa^ very greatly the cost of track 
maintenance. 

169. Maintenance of Equipment. The cost of this group of 
items has lH*en increasing very greatly in recent years, not only in* 
gross amount but also in percentage to total cost of a train-mile 
aiid in cents per train-mile. This int'reased cost is due to higher 
labor costs in the shops and higher costs for materials. While a 
change of alinement, involving increase or decrease in length of 
road, or “distaiwe”, will affect these items, the cost is not directly 
proportional to distencc and the same remark applies to many other 
items. Curvature affects the cost of repairing very greatly— 
chiefly in wheel wear, and tlie engineer must consider this in estimat¬ 
ing the value- of a saving in curvature. The rate of grade also has 
an effect on this item. 

During the fir^t years of the life of a locomotive, the repairs 
(barring accidents) ^^ill In* small, but as the locomotive grows older 
they increase in a growing ratio. When the annual repair charge 
becomes oue-fourth (or in cx<'<'ptio!ial cases one-third) of its first 
cost, the locomotive shouhl be sent to the scTap pile, for in such 
cases the cost per train-mile becomes larger than a reasonable annual 
charge, allowing for all depreciation, on the cost of a new locomotive. 
When an old locomotive is replaced by one of a better and more 
costly typ(*, the excess cost should l)e charged to “betterments”, 
or “iKTmaiicnt additions to equipment”. 

170. Transportation Expenses. There are five items in this 
group which amount to more than 5 cents per train-mile. The 
largest is that for fuel. The co.st of tliis (for both yard and road 
loc'omotives) has nearly doubled since 1895. This is due partly to 
incrt'Hse in cost of coal per ton and partly to the great increase in 
the of the average locomotive and therefore in the amount of 
coal burned pc*r mile. The other four of the five large items are made 
up almost exclusively of wages, wWch have increased very greatly in 
the past twenty years. Any economic calculation, which requires 
a prediction of the future cost of operation, must include the |Moba* 
bility tliat the cost of conducting transportation will probably not 
dec>rease and may increase very materially even during the nmet 
five or ten years. 


m > 
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ECONOMIC LOCATION 

*171. General Principles Involved. A hasty mental review of 
^ the previous discus^on, as well as a few c*onsiderations of common 
sense, will show the truth of the following statements: 

* (1) Disregarding the comparatively rare cases in this country 

where a practicable location of any kind is a creditable engineering 
feat, it may be said that a comparatively low order of engineering 
talent will suffice to lay out a line along any general route over which 
it is physically possible to run trains, and that there are usually 
several such possible routes. 'I'he route selerted may not be favor¬ 
ably located for obtaining business, its alinement may l>e such that 
its operating expenses are high, and the ruling grades may be so 
high tliat only light trains can be run, but the road can be operated 
even with these handicaps. 

(2) Among the many iwssiblc routes which lua.v be selected 
for a road, there is one \\hii*h is superior to any other from an of)crat- 

»ing or business standpoint, and it is the province and Usst of the 
engineer to select that best route*. 

(3) There are several more or less conflicting interests whn n 
must be studied—(a) the maximum of business must be obtained, 
but this is sometimes only obtainable at great initial cost; (1)) the 
ruling grades must be made as low as possible, which is generally 

• costly, and it may retiuire a location whidi n ill sacrifice some busi- 
ne.ss; (c) the alinement must be kept easy so as to rtnluce operating 
expenses, but this usually is very Cf)'>tly; (d) the total cost must be 
kept within a figure which will be justified by the future earm'ngs 
and also leave enough margin as working capital out of the total 
funds w’hich are raised, so that the road may continue to operate 
during the five or ten years whi<'h arc required to build up the 
‘‘normal” traffic. 

(4) Each new route suggested forms a new combination of 
the above conflicting elements, and the basiness of the cnjpneer is 
to estimate and compare these elements, selecting the combination 
wluch wUl give the largest return for the least outlay, considering 

' both initial cost and future operating expenses as elements of the 
GUtky. 

172. ReiiebilHy and Value of Economic Calculations, llie 
student should not team the idea that the following calculaUons 
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will enable one to compute mith mathematic^ predsitm the oi 
changes of alinemcnt. There are far too many elements involvedy 
and the effect of certain influences is variable. But although a 
precise solution is unobtainable, a Solution vhich is sufiSdiently' 
accurate for practical purposes may be made, and this is infinitdy 
better than no solution at all. For example, suppose that a very 
crooked stretch of road may be changed to comparatively easy 
alinement which saves conaderable curvature by an additional 
expenditure of say $20,000. Assume that it has been compute (by 
methods de\ eloped later) that the operating expenses would be 
reduced $3.'j00 per year by the reduc*tion of that curvature. As $3500 
per year, eapitali7.ed at 5 per cent, is equivalent to an investment 
of $70,000, and as the improvement may be made for $20,000, 
the improvement is evidently justifiable. Such is the bare outline 
of the method. 

The estimate of the cost of the improvement may be accurately 
made, but it is not claimed that the estimate of the saving per, 
year is precise. It may, however, be shown that, even with ample 
allowances for the uncertain items, it is practicable to assign upper 
and low'er limits betw'een which the truth must lie. A greater 
knowledge of the subject and greater experience on the part of the 
engineer will enable him to narrow those limits so that the error 
is immaterial. And frequently even this is unnecessary. The 
real qttestion is not whether the capitalized value of the improve¬ 
ment is $70,000, or $50,000, or $90,000. It may be that an improve¬ 
ment wliich w'ould make possible that saving may be made for a 
few thousand dollars, or it might require $200,000. In eith^ case, 
the true answer is unquestionable. 

If the cost of the improvement is very nearly equal to its 
computed capitalized value, then no great harm can come from 
either deaision, for the decision would then be based on the willing¬ 
ness of the company to spend additional money. The method 
furnishes a criterion, which even in the hands of an inexperienced 
eni^neer has some value, and which alone gives value to his qpimon. 
But the method enables the experienced engineer to give the best 
opinion winch is obtainable, for it enables him to apidy luamipearience 
to a method of computation which apixoaches accuracy as nearly 
as may be. ^ 
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It must not be supposed that the numedcal values worked out 
in the following pages are necessarily applicable to any assumed 
case. They are given to show the method of their derivation, and 
* should be modified to fit local comlitions according to tlie best 
judgment of the engineer. 


DISTANCE 

173. Relation of Distance to Rates and Expenses. Hates 
are u^ally based on distance traveled on the apparent assumption 
that the \’alue of the service rendered and the etist to the company 
are directly proportional to the number of miles traveled. Hie 
assumption in either connection is not true. If a passenger or 
a IomI of freight is to be transported from one city to anotlicr city 
100 miles away, the service rendered is to accomplish the transfer 
as easily and quickly as possible. If another road were constructed, 
perhaps at extravagant cost, by which the distance were cut down 
,to 90 miles, that road would render a greater and better service, 
because it would reduce the necessary travel, and yet on the mileage 
basis the shorter road would be entitled to less than the other iii 
spite of the fact that it renders a better service. 

The assumption that the cost is pn»portional to the distance is 
more nearly correct, although, as w'ill be shown later, even this is 
^ far from accurate. It is not difficult to compute an average csist 
for a large number of passenger trains and, by dividing it by the 
total passenger mileage, to obtain a value of the cost of a '^passenger- 
mile”. But the additional cost of transi^rting one additional 
passenger on a regular train is hardly more than the cost of print¬ 
ing hb ticket. Even if it were practicable to compute the extra 
consumption of coal and the infinitesimal addition to other oper¬ 
ating expenses due to his being on the train, the added itist would 
evidently be but mi insignificant fraction of the average cost of a 
passenger-tram-mile. The same argument holds, but not to the 
sanm extent, if we consider the additional cost of an extra ton of 

By the same Ime of argument it will be shown that a change 
m distenee w31 not affect the cost of running trains in proportion 
change, li is easy to see that general expenses will be ab»o- 
Itibiy unaffected hy an alteration of alinement which saves a mile 

am " 
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in distance, and it will l)e sliown that even the consumption of fuel 
does not vary in proportion to the distance. If it were practfcahle 
to construct a tariff of rates which shouhl consider excessixe curva- 
ture and grades on the \ arious parts of the line and make the rates 
dependent on them as well as on many other constructive features 
whu'h add to tlie <*ost of <jpcration, the rates wouhl 1>e more nearly 
proportional to the cost, but the public would not appreciate it and 
it w’ould l>e Useless xx’(>rk. ’ And w hen it is further sliow’n that it is 
sometimes justifiable for a road to haul competitixe business at a 
rate actually less than the average c«)st of their traffic, it will be 
seen that the relation of distance to rates and exj^enses cannot be 
expressed by any simple pro|K)rtiim. 

174. Effect on Receipts. Among all the details of alinement, 
distance is the one for which there is some compensation in an 
increase, and that is bc<aust‘ rates are based on distance rather 
than on curxatim' or grades. Although it is lUKiuestionably con¬ 
trary to public policy to burden traffic unnect‘ssarily by an increase 
in distance, vet it max be demonstrated that the added receipts from 
non-comi>etitixc traffic due to such increased distance will amount 
to more than their addeil cost. But in order to study this feature 
pro|)t'rly the di->tinction l)etwcen competitive and non-competitive 
rates must be nottsl. For our j)urposes traffic may be classified as 
“tlmnigh” and as “local”, in xxhich through traffic refers to that 
which passt‘s oxer ttw or more rmdft, no matter how long or short 
any section of the trip ma,x ]>e, and in which local traffic refers to 
that w'hich is confined to one rmhtmd mfHlem, though it may run 
from one end to the other. Further sulKlixision is necessary 
follows* 

(^l) Non-<'omj)efitipe local —on one road with no choice of 

routes. 

(H) Non-comi}etitire through —on two (or more) roads but 
with no choice. 

(3) Comptiitive local —a choice of tw’o or more routes, but 
tlie entire run may be made on the home road. 

(4) Competitive through —direct competidon betxirecn two or 
more routes, each passir^ over two or more %es. 

(5) Semi-competitive throughr—vk non-competitive haul on the 
home and a compe^ve haul on foreign roads. 
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Receipts for traffic passing over two or more lines are divided 
between the lines in proportion to mileage. “Terminal charges’* 
are sometimes subtracted from tiic amount before the division is 
made and sometimes a strong nmd forces a weaker road to submit 
to some other exaction before the division is made, but the final 
division is made* in proportion to the mileage for each passenger 
ticket or each freight bill. It may be shown that the cost of oper¬ 
ating an additional mile i^ about .>S per cent of the average cost. 
This means that on all nou-c(>mpetiti\ e business (class 1) there 
is an actual profit in this a(Ule<l di^lauco. On the other hand, com¬ 
petitive rates are made with .small rcganl to di'ituncc, are generally i 
equal, and therefore any added distance results in a sheer loss with¬ 
out any comi)ensati(m. This applies to all the traffic of class 3. 

Illustrative Example. The other classes of traffic are affectiHl by 
distance in \ ariuus degrees betw ecu these tw’o extreme.s. Su)>])ose that 
the distance on the home n)ad for any given shipment is 100 miles, 
•and the distance on the foreign road f«)r that shi|)ment is 150 miles; 
suppose that the freight charge is $10; then the home road will 
100 

receive——— -r- X$10=$4.00. This means 1 cents per mile for 

JUU*^ lt)U 

that particular class and weight of fr<*iglit. SupiK>se that the 
distance is increased 5 miles on the home road, but assume that 
■the traffic is w'holly compc'titive and tlienh're that the total rate 
received will be $10, regardless of the added distance. Then the 

home road will receive — ::7.X$10=$4.117fi. If w'e allow to 

the original 100 miles its full previohs allowance of 4 cents per 
nile, we have left 11.76 cents to pay for the extra 5 miles. This 
b at the rate of 2.352 cents per mile, which is 58.S per cent of the 
4-cent rate. 

This nearly equals the computed percentage of added cost 
for additional di.stance computed in miles. Therefore, if the original 
4-cent rate is profitable, the added rewpts due to the addefl 
distance will be sufficient to operate the added distance profitably, 
W without loss. Incidentally, the foreign road suffers, for it will 
receive less for precisely the same service. TTic above numerical 
case is very nearly at the dividing line between profitalde and 
,uiq[Mrofitable «d£titkm to ffisianoe. If the Imigth of the home leted 


m 
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. 1 . * < 
is but a small proportion of the total distance, then it may he winy * 
larly computed that an addition to distance is ^tinctly profitable. 
On the other hand, if the length of the home road is a large |hoi- , 
portion of the total distance, an addition to distance is distifu^ 
unprr)fitable, and when the length of the foreign road is ^ro (which 
means that the competitive haul is entirely on the home road) ^en 
any addition to distance is sheer loss without any compensation, 
even partial. 

The above numerical case represents but one of *an almost 
infinite number. Each station along the line has possible traffic 
connection \iith almost every other railroad station in the country. 
The route from each station to every other station represents a new 
combination, and the net effect of the added distance is the com¬ 
bined effect of all the separate cases. This instantly shows that a 
precise mathematical solution is impossible, but the above solution 
has value in pointing out some general truths as follows: 

In all non-competitive business, whether tlirough or local, 
the added receipts due to added distance will be profitable, and 
the business of a road is almost entirely non-eompetitive there isl 
little or no disadvantage in added distance, especially if the cpnstn|f 
tion is cheapened in spite of the added distance. For example, 
a road \thich follows the bunks of a very crooked river may cost 
less to build, e\en though much longer and more crooked, than the 
road which tunnels through the horseshoe bends. 

When roads handle a \cry large amount of competitive busi¬ 
ness an> additiomil distance may be a source of loss on that class 
of business, and the loss may be so serious as to justify a conaderabki 
evjK'nditure to reduce it. Another reason for the subsequr^ 
expenditure of money to reduce distance is that, after freight rata, 
are onte established between roads on through business, they are 
not apt to be disturbed to make them conform to the s^ght fluc¬ 
tuations of distance caused by changes in the alinemapit. 

The abo^c statements can be reduced to the general conclusion 
that since every road handles a considerable pn^rtion of non- 
ceftnpetitive business, there is always some compensatkm fta* the 
added expenses of operating additional distance. The majority Of 
amali roads do a business sdddh is almost wholly non-ooBipetttSvejj' 
and to tljgm the added receipts will usuafiy |^y for the added dl»*, 
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tance, -even if it is not an actual source of profit. Finally, it may 
be ^id that a coa(f is not usually justified in making an a^lditional 
^ expenditure to shorten distanc'e (i.e., adopt a route which^’ill have 
a greater gross cost in si)ite of the shortened distance) unless it 
handles a very large amount of highly coini)etiti\e business. 

There are .some other ct^sidcratioiis which must not be ignored 
ill considering this question. One of them is the question of the 
additional time requured to make the trip. This may be im{K)rtant 
in two ways. (1) llie competition for passenger business bi‘tween 
t\^o cities, such as New ’Vork and rhihuiel])hin, or Philadelphia 
and Atlantic Git\, might be so keen that a difference in length 
of line which would affect the nnming time by even 10 minutes 
would have great financial importance. (2) A very considerable 
change m distance may have a .serious eOect on the operation of 
the heav.v through-freight trains, although it would in)t ordiimrily 
increase the total cost of oiM^rating those trains over that division 
' more than the extra number of train-miles times the reduce<l train- 
Uilc cost. But in aii.v case, this jihase of the question should n(»t 
oe ignored. 

* Another consideration is the possible eflect on the business 
done. “A short straight line” is the {Mipnlar dcscrijition of a w'cll- 
designed road. If the engineer’s aim for a A/ioif road leads him to pass 
by sources of income and thus lose them, *ms rrmd will have little 
business and the receipts w ill la* rediu cd liec ai'si* it is short. As a gen¬ 
eral rule ‘‘ad«>pt that route whu h will give the greatest trafiii* |K’r mile 
of road”. On tjhie one hand, this avoids the error of running a line 
w’hich is excessively criKiked in the elfort to se<*ure every {KHaible 
' ment of traffic and thus burdening the whole traffic with an 
ces.siv'e haul, and on the other hand, avoids running a line wiiich 
misvses important sources t»f traffic in the ellort to have a straight 
line. 

^ CURVATURE 

175. Operating Disadvantages of Curvature. The non-tech* 
ntcal mind appreciates, even too readily, the disadvantages of 
curvature. But it is generally true that the ones which are most 
thomughly appreciated h> the public are of lea.st economic value 
to the engineer. The several disadvantages will be clasfnfied 
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and discussed in an order which is perhaps the inverse order of 
their imptirtaiice, as follows: * 

(1) It increases the danger of rallision and derailment and 
aggravates the damages of a derailment when it occurs. The appli¬ 
cation to be made to this statement of undoubted fact is—how 
much is a road justified in expending in order to rtwiuce or elimi¬ 
nate any given curved Since the entire elimination of eurv’es is a 
physical as well as a hnancial imiM>ssibility, the question reduces 
to the lessening of danger from accidents that would result'from 
such reductions as are possible. The Interstate Commerce Com¬ 
mission report on railroad accidents for the year ending June 30, 
1902, showed that the number of passengers carried 1 mile for one 
killed was 57,022,28.3. This means tliat the chances are even that 
a passenger could ride 57,0(K),000 miles before he would be killed. 
If he were to ride continuously at the rate of 00 miles per hour, it 
would recjuire over 9,5(K),0()0 hours, or nearly 4(K),000 days, W'hich is 
considerably over IIMK) years. 

But how many of such casualties are due to curvature, and 
how many million miles must be traveled by the average passenger 
l)efore, acconling to the law of probabilities, he would ]be killed 
by an accident which should not only be directly charged lo cur¬ 
vature, but also to curvature which is physically or financially 
avoidable. If we c.stimate the number of curves on all the railroads 
of the country as 250,(X)0, what is the pn>bability of a fatal a(x;ident 
happening on any one curve and how much may be spent on that 
curve to reduce the danger? Even if it w’ere spent, would there 
remain iio danger of an accident there? A thorough logical analysis of 
this question show's that although it is alw'ays proper to take reason¬ 
able precauti»uis to avoid awident at an especially dangerous 
curve (such as maintaining a flagman there), it is impossible to 
assign ^ny financial value to the mere danger of accident which 
would accomplish anything toward modifying construction. 

(2) Curvature may affect traffic (a) by reducing the possible 
i 9 )eed of fast train.s. There is some force to this objection as it 
applies to sharply comjxititive traffic between tw’o cities—a traffic 
of w'hich most roods have not a trace. The extent to wluch the 
passenger traffic might be increased by the minute or two which 
might be saved is, how'cver, so uncertain that it defies analym 
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(b) It may produce rough riding, and (c) it may create an apprehen- 
sioh of danger which may of itself deter travel. The disadvantages 
resulting from all three of these siih-causes are greatly reduced by 
good roadbeds and transition curves. Freight traffic, which com¬ 
prises about two-thirds of the total, is unaffcctt*d by it unless the 
curvature is extreme, and the passtmger traffic of most roads will 
not be influenced by it; and thcn‘ft>re an engiiwx'r is not ordinarily 
justified in giving it any finaiu'ial weight. 

t3) It may affect the operation of trains (a) by limiting their 
length and (b) by limiting the iNpe and weight of engines. There 
are a few instances known when* roads w'hich run along a river 
bank fiavc very easy ruling grades and on which the curvature is 
perhaps very sharp on a<*c*ount of sharp Ih’IwIs in the river. On 
such roads the curvature may be the featun* w'hich limits the length 
of trains, but such cases an* rare and even w^hen they occur a com¬ 
putation similar to that later developed will show how much may 
profitably be sijcut to nsluce the rate of curvature. If a long grade 
up a mountain were kept uniform, reganlless of curves, the curves 
would add such resistance that they w'ould limit the length of trams, 
but good practice requires that the grades shall be “compensated 
for curv'ature”, as cxplainwl later. 

The excessively sharp curvature which has been usetl on some 
mountain roads may preclude the use of some of the largest types 
of locomotives. But such roads ordinarily do not have a traffic 
which justifies the use of the heaviest locomotives. And when it 
is considered that a Mallet loconiotiv'c*, having sixteen drivers 
and a weight on the drivers of over 4(K),()00 pouiuls, can be operated 
on a 20-degree curve, any limitation in the use of engines may be 
ignored for all ordinary railrouil work. 

(4) (’urvature increases operating exfienses. This disadvan¬ 
tage is definite, positive, and approximately computable, and since 
a reduction in expenses may be made by rc<iucing curvature, we 
must calculate the effect of curvature on operating expenses. 

176. Compensation for Curvature, ('urvature makes a very 
definite increase in train resistance, and .such increased resistance 
is readily equated to its equivalent in added grade. Assuming' 
that the curve resistance on a 6-degree curve is 4 pounds per ton, 
which is the grade resistance of a 0.2-per-cc«it grade, if riiere should be 
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a fwlegrtie curve on a 1.0-per-cent grade, the resistance on that grade 
would be the same as «*n a straight track having a 1.2-per-ccnt 
grade. On this basis, if 1.2 per cent were selected as the ruling 
grade and it became necessary to introduce a O-degree curve, the 
grade should be reduced on that curve to 1 per cent so that the total 
resistance on that curve shall be no greater than on the tangent. 
This is the fundamental irlea of curve corai>ensation. On grades 
which are so low that they will never be ruling grades even if the 
rate of ruling grade is reduced by reconstruction, there is no ttece.s- 
sity for curve comjwnsation, but the neglect of it on ruling grades 
means that the ruling grade is practically increased to the grade 
whuih is the equivalent of the c(»rnbincd grade an<l curve resistance. 

Rate of Covipenmtion. This term means such a reduction in the 
grade that the saving in grade resistance equals the c-nrve resistance. 
But curve re.sistunce varies somewhat as the velocity, the comlition 
of the rails, and even the t^pe of the wheel base. For simplicity of 
calculation the curve resistance is usually assumed to vary as the 
degree of curvature. While this is nearly true for low degr<*os of 
curvaturc, it becomes grossly inaccurate for excessively sharp lairva- 
ture, on which the resistance is foriunately much less than its pro¬ 
portionate amount. This is probably due to the fact that a large 
part of the rt‘sistanc*e from curvature is due to causes which are 
independent of the tlegree of curve. The resistance will amount 
to about 2 pounds j)er tt)n per degree of curve (equivalent to a 0.1- 
per-cent grade) when the velocity is very low—as when starting a 
train. It is less for fast trains than for slow trains, but considering 
that it is the slow and heavy freight trains which must b(i chiefly 
consideretl, the larger values for compensation which are needed 
for the slower velocities must be used. Compensation results in 
a loss of elevation for a given horizontal distance and when money 
has bet'll sjK'ut in “development” in order to reduce the grade 
to some desired limit, any mseless com|)ensation is a waste and 
should be avoided. If a curve occurs on a grade immediately 
below a stopping platre for all trains (or at least all trains which 
are so heavy that they.will be affected by the ruling grade), the 
compensation may be reduced or omitted altogether on the ground 
that the curve resistance would simply use up the energy which 
might otherwise be used^'tip by brakes in stopping the train, H 
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that heavy gra<h‘ sliouM continue on above that stopping plact', 
then the eoinia'nsati(»n lx* inatlc even gnuitcr tluni tlic aver¬ 

age to allow for the iiwrcu.scfl resistance while starting. Since 
the curve resistance iruToly aihls to the virtual graile, and the 
object of ctuniHMisation is to ])revent such additions from iiu’rejiaiug 
the ruling grade, there is no object in using coinix'usatiou on a 
grade, which is alrea<ly ^o low that the added resistanee will not 
make it virtually ecpial to the ruling grade. An exception to this 
lies in the danger that it juay stone time ])rt*ve desirable tt) make 
stich changes of aiinement that the ruling gradt' is very materially 
cut down, and it might ]iap))en that neglect to compensate woultl add 
that much to the revisetl ruling gratle. 'rhe above discussion may 
therefore be rctlueed to the ftdlowing rules: 

(1) On the upj)er sitle'of a stoj^ping j)laee fttr all heavy trains 
compensate (l.lt> ])er eenl. per degrtr of curve. 

(■J) On the lower sitle t)f such a. stttpping ])lace <h> imt ciwn- 
pensate at all hut this rule should be applit'd cautiously. 

(.S) Ordinarily compensate alxmt (KO.'t.'t per ccnit per degree 
of curve. 


(4) Increase this rate to 0.04 per cent when the t*urvc is habit¬ 
ually operated at slow spee<l, wh<*n the sU])er-eI(‘vation is excessive 
for freight trains, unless it is found that the higher rate of com¬ 
pensation causes sin‘h a loss of Ii<‘ight thai ihe gnuh^ i)n the tangent 
must be increased. 

(5) Curves which are so nuah less than the ruling grade, 
that they will ahniiffi be minor gravies need not be eomjHnisated, 
but the ]K>.ssibilitics of a future reduction in th<* rate of ruling grade 


should be considered. 

177, Limitations of Curvature, SurvcNs for railr(»ads are 
frequently made under instructions that curves (and also grade.s) 
shall not exceed some chosen limitations. What should be the 
limitation, if any, of the degree' of eurvature? Probably no definite 
answer is correi't unh'ss it l)c said that there should be no limita¬ 
tion. It has fxH'n shown that all ordinary degrees of curvature even 
up to 20 degree.s will still permit t he use <»f heavy engines, and there are 
numerous instances where a heavy railroad traffic ha.s been hauled 
fiH* many years around excessively sharp curvc.s without any seriotis 
difficulty— S.S, for instance, the traffic on the Baltimore & Ohio 


239 



228 


RAILROAD ENGINEERING 


Railroad, at Harper’s Ferry, whic?h for many years was hauled around 
a 19-degree 10-minutc curve (radius 3(K) feet). This curve a^as 
changed some years ago. Of course the young engineer should not 
(-•oncliide from this that curvature is of no consequence, and that he 
may recklessly put in as much and as sharp curvature as might seem 
at first the easiest plan to adopt. It may be shown that there is a 
definite money value in re<iucing every possible degree of central angle 
and also that the radius of curvature should be made as large as pos¬ 
sible without a serious sacrifice of other intert^sts or extravagant 
expenditure. It generally happens, when running a road through a 
mountainous country, and when a high summit must be crossed, 
that the grades can only be reduced by the adoption of very sharp 
curvature or by a large expenditure in construction. Since the 
expenditure is usually limited by financial considerations, the error 
of adopting a high ruling grade is usually made and the degree of 
curvature is limited to a low figure which is ridiculously out of 
proportion to the general condition of the road. 

Sometimes the limited money at the disposal of the company 
is wasted on a route which gives easy curves when the money could 
have been spent advantageously in other ways. The most com¬ 
mon error is the needless increase in the ruling grade. Many rail¬ 
roads have been laid out under the instructions that the maximum 
grade may be (»0 feet per mile and the minimum curve 6 degrees. These 
limits have been used separately, or in combination, with the result 
that when a 6-degree curve occurred on a 60-foot grade, the virtual 
grade was thereby increased (on a 0.0.3.'>-per-cent basis) to over 71 feet 
per mile. While a grade of 60 feet per mile might be a very proper 
ruling grade under certain conditions, it might readily happen that 
the option of using a 10-degree curve (properly compensated) would 
permit adopting a line with a ruling grade so much less than 60 
feet that the advantages of the reduction of grade would far out¬ 
weigh the comparatively insignificant disadvantages of the sharp 
curvature. Therefore, as a general answer it may be said that the 
limits, if any, should conform to the general character of the countiy, 
and that when it appeat^ possible to obtain a great advantage, 
jmch as the reduction of the ruling grade, by an indrease in tihe 
degree of curvature and evej^ in the degrees of central such 
increa.se ^oiild be made unless it may be definitely computed 
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that the disadvantages of the increased curvature would outweigh 
the advantages of the reduced grade. 

GRADE 

178. Distinction between Minor and Ruling Grades. The 

distinction between minor and ruling grades must be very clearly 
understood before their operating disadvantages may be computed. 
The^ost of running a train one mile is largely independent of whether 
the train is long or short, heavy or light. The receipts for transport¬ 
ing so many tons of freight is a definite quantity and is unaffected' 
whether it is transported in one train load or two. If it is possible 
by a reduction in grade to haul in a single train load as much freight 
as would require two train lotids by the old plan, then, since the 
receipts are constant and the cost of the two light trains will be 
nearly double that of the one heavy train, it is evident that the 
low-grade plan will be very profitable and the other plan corre- 
sponflingly costly and financially ruinous. 

Although it is not often practicable to double the wei^it of 
the train behind a freight engine, a very material increase in the 
train load can generally be made by such nduction of the ruling 
grade as is practicable, and such increa.se in train load frequently 
makes all the differenc'e l>etween large dividends and an actual 
deficit. The ruling grade definitely limitj the load that can be 
hauled by an engine with a given weight on the drivers and'lta 
financial effect is very great. On the other hand, a minor grade 
does not limit the number of cars and ;ts effect on operating exi)enses 
is confined chiefly to an increase in the c'on.siirnption of fuel and 
other locomotive supplies. While this iiKTease in expense has an 
importance which is worth computing, it is insignificant compared 
with the cost of running additional trains to handle a given traffic. 

The real cost of minor grades is also less than it might other¬ 
wise be considered owing to the fact that each rise has. its corre¬ 
sponding fall. Even though several high summits may 1^ cmased, 
the difference in elevation of the terminals, say feet, or even 500 
feet, is insignificant from the .standpoint of grade when the distance 
is peihaps as many mUes. And even in the extresne case when 
the grade is all in one direction, the additional energy required 
^to dhnb the grades is partly returned in the aadstance the grade 
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gives to trains on the return trip and the consequent saving in , 
motive power. 

179. Laws of Accelerated Motion. Applicatum to Morement 
uf Trains. Wiuni a train starts from rest and acquires its normal 
velocity, say 30 miles per Iiour, tin; etigino must (hrvelop not only 
the power recinirtsl for all the onlinary tangent and perhaps curve 
and grade resistances, Init also tlie “kiiu‘tic energy” corresiMMiding 
to the vehx’ily which has been acqniretl. This kinetic energy 
is not w'^asted; all of it is transformed hack into work of some kind. 
The eiMTgy may In* consumed ainl wasted in the brakes, but it 
may also be spent (atn! is so spent) in overcoming resistances when¬ 
ever the veloc’ity of the tniin is redu(H*<l. The amount of this 
kinetic energy is a definite mathematical quantity. The laws of 
Mechanics tell us that this energy e<{uals IV in w'hich IT is 

the weight of tin* train, r is its velocity iij feet per s«*cond, and g is 
the acceleration of tin* force of gravity, which (>f{uals 32.10 feet 
p<‘r second in a secoml. 

A Ix'tter appreciation «>r this force may be obtained by con¬ 
sidering for a moment that if the train eoulil ino\'e along the track 
without any resistance, then, when running at a velocity of r feet 
ix*r second, it possesses a kinetic energy which would raise it to a 
height of h feet, when' // = r-^2//. If we eonsi»ler that the engine 
is fnrnistung exactly the powt'r reipiired to t>vt*rcome the tractive 
resistances, then the train woiihl run until it had climbed a grade 
to a height of h feet, no matter whether it was accomplished in 
11)0 fc<'t,or a mile. IJy an (‘xpansion of the theory it is also .show'U 
that when the train has climlx'd a vertical height of Ji* feet (less 

than //), it will have left a velocit\ r'= V2</ (^/j —///). 

Illmfrotlca K.ramplr. Assume that the veloc'ity of a train is 30 
milt»s pfr hour, or 44 O'!'! per second. It then has a kinetic energj' 

which would rai.se it a height h = — = 30.1 feet. If the 

2X32.10 


engine furnished just enough cnerg}'' to overcome the tractive 
n'si.stttuees, the kinetic energy would <*}irry the train up a grade 
of l."i fe<*t i,>er mile for a ilisiance of about 2 miles, or up a grade of 
Jl’4) fe<*t per mile for a tIiNtance of alx>ut | mile. If the train W'ere 
moving up a grade of 20 per mile and had prwc^deil half a 
mile, it ili’outd have climbed 10 fec;t and would still have a kiaetic 
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energy corrt>spondiny to 20.1 feet, and its velocity would then Imj 
»' = V2X32.1(>X20.i feet iier sim-oiuI, or 21.0 miles jht hour. 

If the train wtTc a solid mass tlic alxne figurt*s woulil he abso¬ 
lutely eorriH’t, but the solution is a little eomplieated by the fact 
that an a[>pre<*iable part of the weight of the train et»nsists (if 
revolving wheels, to which must In* imparted the kinetic energy 
of rotation, in addition to the kin<‘tie energy of translation. The 
rat\p of this rotative; kinetic energy to that of translation depeiuls 
chiefly on the ratio of the weights of the wheels and of the whole 
ear or engine. Evidently this ratio depejuls on the detailed design 
of the rolling stock, and more esjM'cially on vvlu'ther the cars are 
loaded or empty. I'his eonsi(h‘rati«)n sliows that no one value will 
be ae(‘urate for all eases, but there will be little <Tror in adopting 
f) |H;r cent as an average value for the inen^ase in the kinetic energy. 

Table XVIT, which will be 'fouial very useful i\i th(;sc com¬ 
putations, has therefore Ix'cn compiled on the following basis: 

, . , ,,, i’* in ft. ]>er see. I. Hit)7 I -in m. ])er h. 

V<.lo.-,ty l,™l -= — 

-(Mmiir- 

and, adding 5 per (;ent for rotativt' 

kinetic energy of the wins'ls, 0,001 (i71 - 

Therefore, eorreele«f velocity head - *i.0:}ol I r-’ 

Tart of the figures of Table XX'II w<'r<' obtainetl by interpola¬ 
tion, and, therefore, there may be an error of a single unitin the hun¬ 
dredths place in some of the figures, but considering the uncertainties 
in the problem, the exact valui* lo hundredths is of no prac¬ 
tical importance. Examples of tlie application of this table will i)c 
given later. 

The tractive force nspiired to pnahu'c this acceleration in 
a given distance may be stalerl as 

ir 

2,9# 

til which fi and are the lower and higher velocities in feet per 
seetmd, 9 is the distarM*e in fe<?t, y is th<; acceleration of gravity 
(32J6), and IE i.s the weight in pounds. If we substitute IE = 2000 

<oronetoi|i),^=32.16, i^^,andt>*= I s, to reduce the 
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- vdodlies vi* and vz (which are in feet per second) to Vi and K|, 
the velodties in miles per hour, the equation becomes 


2000 


2X32,ms\Smj 




Adding 5 per cent for the kinetic energy of rotation, the coeffident 
06.89 becomes 70.23, but, considering that the 5 jjer cent correction 
is wmewhat approximate and variable, the coefficient is taken 
at the even figure of 70 and the equation becMjmes 

((V-IV) ( 104 ) 


in which P is the force in pounds [)er ton to actielerate a train frbm 
a velocity of 1 \ miles pi*r hour to 1 '2 miles per hour in a distance 
of 8 feet. Conversely, P is the force in ]>ounds per ton which can 
be utilized in overcoming tractive or grade resistance when the 
velodty is reduced from r 2 m.p.h. to I'l m.p.h. in a distance of 
8 feet. 

180. Virtual Profile. The following demonstrations are made 
on the basis that the ordinary tractive resistances and alsi> the 
tractive force of the locomotive are i ndependent of veh>city. Neither 
of these assumptions is strictly true, especially the latter. The 
variation of tractive power with velocity will be considered later 
(article 191). But the approximate resohs obtained on the basis 
of these two assumptions are so instructive i^id useful that the 
demonstration is given. Asstime that Fig. 157 shows the profile 
of a section of road and that the^grade of A E is 0.40 per cent, 
which is 21.12 feet per mile. Assume also that a freight en^ne 
w'hich is climbing up the grade has been so loaded that when, the 
engine is working uniformly at its normal maximum the velodty 
up such a grade would be uniformly 20 miles per hour. But dnee 
the tnuh is moving at 20 miles per hour it has a kinetic energy 
corresponding to a velocity of 14.05 feet (see Table XVII). At A it 
encounters a downgrade of 0.20 per cent, which is 1500 feet long. 
Althou(^ A B has a downgrade of only 0.2 per cent, its grade with 
respect to the upgrade of ^4 E (0.40 per cent) is 0.60 per cent. There¬ 
fore B is 9.00 feet below B', Since the work done by the engine 
would have carried the train up to the point B' with a velodty 
of 20 miUes'^lier hour, the virtiud drop of 9 feet will inermse the 
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vclocitv head from 14.05 feet to 23.05 
h‘et, which corres|)on(ls to the velocity 
of 25.0 miles per hour, and this will 
aetiittll.\' be the velocity of the train at 
the ])oint li. At Ji the grade changes 
to a 1.0-pcr-cciit upgrade for a distance 
of 2.300 feet. 

Tile approach of the grade li (* to 
the grade It' (' is at the rate of 1.0—0.4, 
or 0.0) per cent and therefore the pt»int (' 
will be H'aclu'd iu l.')01) feet. In the re¬ 
maining SOO feet the lijie will climb to J), 
which is 4.S fc(’t abo\e D'. Although 
at li the train is moving at the rate of 
2.‘).0 miles per hour and the engine is 
w<»rking at such a rate that it will carry 
the train up a 0.l-per-<‘ent grade, yet 
when ( limbing up a 1.0-per-cent grade 
it consunu‘s its kinetic energy in over¬ 
coming the additional grade. When it 
reaclies it has lost the additional 
kinetic energy which it gained from J 
to li, and as it continues it loses even 
in(»re. When it r(“a<‘hes /), it has lost 
4,S feet more and its velocity head is 
reduced to 14.0.")—4.S = 0.25 feet, which 
corresponds to a velocity of 10.2 miles 
j>er hour. At J) the grade changes to 
-j'O.l per cent. 

Here we hav(‘ the rather surpri.sing 
condition that, although the grade is 
actually rising, it is virtually a down¬ 
grade under the given conditions, for the 
engine is working harder than is required 
to run up raertdy a 0.1-pt'r-cent grade and 
hci:^t; will gain in velocity. At E, a dis- 
tatiue of RRK) ftn't from D, it reaches 
what would hav'e been a uniform 0.4-pei^ 
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ceftt grade from A to E and the grade c'ontinues at that rate. 
Although the train has actually climbed 1.1) feet from I) to E, it has 
virtually fallen tlie 4.8 feet Iwtween I) and /)', and the velocity 
head has increased from its value of 9.25 feet at /> to 14.05 feet, 
and its velocity is again 20 miles per hour. The upper line repre¬ 
sents the "virtual profile", which may always be drawn by measur¬ 
ing off to the proper scale at every janiit an ordinate which is the 
velocity head at that point. Since the engine is working uniformly, 
the virtual profile is in this (‘ase a straight line. 

Although the variati»)n c>f resistance and tractive effort with 
vel(H‘ity will have some effect on the precision of the above figures, 
as discussed later, yet the demonstration must not be considered as 
fanciful ^nd impractical. I’mier the gimi eomUtimis it is sub¬ 
stantially what would take place. If the graile It J) were continued 
to F, or until the actual grade intersected the virtual profile, the. 
train woukl become stalhnl, for when the engine is loaded for an 
indefinite haul up a 0.4-})er-(‘ent grade, it cannot haul a train indefi¬ 
nitely up a higher grade. Practically the train would stall soriie- 
w'hat short of since the tra< live resistance increases as the velocity 
drops to nearly zero. T’ndcr such conditions, It I) is a “momentum 
grade", which thag be higher than the ruling grade, and yet it is 
practically harmless under these cojiditioiu., yrttmled that a train is 
never rtHjuired to stop on that graile. A 1.- (' is t(‘chni(-’ally a "sag" 
in the grade A V an<l woukl be considen^l such even if A It were 
an upgrade (although less than the grade J ('). Su<‘h a sag is 
usually harmless unless it is so deep.that the train would acquire a 
dangerously high velocity at the; bottom of the sag It. 

In the alane numerical case the velocity is only 25.(i miles |)er 
hour, which is not at all dangerous even for freight trains in these 
daj's of air brakes and automatic couplers. Rut a much deeper 
sag might require the use of brakes, which not only (‘onsumes some 
of the energy stored in the train, but also wears out the wheel treads 
and brake shoes. 

Another phase of the question is developed when we consider 
the action of a train stopping on a grade. Aasume, as in Fig. 158, 
that a train is climbing up the gra(||^ A B at a uniform velocity 
whose velocity bead is measurctfi by A A'~HB'. At B it. Com¬ 
mences to slow up for a stop at C. Since it is stationdl^ at €, the 



236 


RAILROAD ENGINEERING 


velocity bead is zero and the virtual profile J' B' runs from B' 4o 
C by a line which may or may not be strai^?ht. Assume that the 
train starts up and the engine exerts such force that at D it has 
regained the v<rlwity it had at A or B. The ordinate 1) D' must 
equal A .i' and the virtual profile must run from G to 1)’. CD' 
therefore rejiresents the virtual grade up which tlie train must 
climb. To jiut it in figures: Assume that C D = 13(X) fc*et; the 
required velocity at D- is 20 miles per hour, and thert*forc D D' = 
14.05; the grade of (' D is 1.0 per cent and therefore D D"=\'.i 
feet, and D" D' —'HA)'} feet; the virtual grade CD' is therefore 
2.0S jwr <t‘nt instead of the actual 1.0 per cent and these figures 
represent the actual ratio of the drawbar pulls at the engine. 


•«* 



Vie. I.>S. DiuKiuni Shtiwme Ariinn of Vorci'H on rruin Stoppinii on Gratia 


'J'o Ih' more precist‘, the virtual grade C D' will not Im? a uniform 
grade us shown in the figure but will be a curved line which w’ill be 
steej)er at the beginning of the grade on account of the increaswi 
resistance to traction when starting. Thi.s is somewhat compen¬ 
sated by the fact that the tractive force of the engine is greater at 
the vcry^low vehx'itii's. It require.^, however, a little mar^n for 
safety. 

The fact that the engine can increa.st‘ its velocity from zero to 
20 miles p<>r hour in that distance and on that grade show's that it 
b capable of doing much more than run its train up the 1.0-per- 
cent grade at a .speed of miles per hour. In fact, unless the 
power is reduced wdien the train reaches />, the train wiU continue 
to. gain velocity. If resistanc&juid tractive power were independent 
of velocitythe train would continue to gain indefinitely, assuming 
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tlpit the gva<ie continued uniformly. But practically, when the veloc¬ 
ity had increased to a mu(;h higher figure, the re.sistancos would 
increase and tlie tractive power de(;rcase until there could lie no 
further increase in velwity. 

From all the aliove it may Im? inferrtKl that 

(1) When the velocity is uniform, the virtual profile is parallel 
with the actual profile. 

•(2) When the vol(Krity is incr(>asing, the profiles are separat¬ 
ing; when it is decreasing, they are approaching each other. 

(3) When the vehnity is zero the profiles coincide. 

(4) The virtual grade at any place is a measure of the work 
required of the engine beyoial that required to overcome merely 
the tractive resistances. If it is horizontal it shows that the engine 
is doing nothing besides overcoming the tractive n'sistanctes. If 
it is upward and is uniform, as in Fig. 157, it .shows that it is work¬ 
ing uniformly and is storing in the train “larfential" energy which 
may be utilized on the return trip if it is not utilized in moving 
down a succeeding downgnwle. If it is downward, as fram B* 
to C, Fig. 158, it show's that the train is giving up kiTu;tic energy, 
probably consuming most of it in brakes, but utilizing some of 
it to funiish the tractive i)owcr to run from B to C and also to 
overcome the grade from B to (\ 

181. Lise, Value, and Possible Misuse of Virtual lollies. 


It has been previou.sly shown that, aside from .sc(ruring the maxi¬ 
mum traffic, the most important accomplishment for the hx'ating 
engineer is to obtain low ruling grades. At the .same time the 
cost for grading must l)e kept as low as possible without sacrificing 
the more iin[x)rtant elements. I’he grade B I) in Fig. 157 is an 
example of the possibility of introducing a graile which is much 
steeper than the ruling grade, providing it is not so long that 
the kinetic energy of the train at the Ixittom of the grade is 
exhausted before it reaches an easier grade, and also provided 
that no heavy trains are ever com[)clied to stop on that grade. 
Herein lies the danger and the {wssible misu.se of this method. 

A grade might be laid out substantially as show'n in Fig. 157, 
with the, intention of running all heavy trains up that grade w'ith- 
out stopping. Later, another railroad might require .and make a 
grade crossing at pr near C, which would occasionally require that 
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traiiiH shall stop at the crossing, and such loaded trains would-be 
unable to start against such a grade, cs|>ecially since the tractive 
rcsistanc-e to starting is so much greater than the resistance at 
ordinary specsls. The chief value of such a inctlio<l lies in the fact 
that it enables the engineer to determine the actual demand on the 
loccmiotive, as it is affected by the velocity of the train. The 
“undulatory” profile shown in Fig. 157 will probably be much 
<;heaper to construct than the uniform grade A E which \vould 
involve a fill at li and a cut at 1). The methwi of a virtual profile 
will show at once whcth(‘r such a profile at that place will lie a 
pemiissible way of economizing in spite of the fact that it intro- 
tluces a l-[)er-cent grade wliich is perhaps higher than the ruling 
grade. Many of the “improv<‘ments of f)ld lines” defiend on this 
prwess for their solution. 

For example, a grafle whi<’h always may have l)een harm¬ 
less and unnotii'cd suddenly be<‘otncs iinjiortant when it becomi'S 
desirable or necessary to require all heavy trains to stop at some 
point on it; such a case is ski‘tcluMl in Fig. 158. The above method 
indicates how such a problem may Ik‘ investigated. The grmle 
(■ Jy of coursti becomes the critical grade, but under given con¬ 
ditions the virtual profile will show the demand on the hx'omotive. 
Examples of tins will be given later. Undulatory grades have 
the advantage of <lecreasing the (“ost of construction and of being 
harmless under givcm conditions, but there are some dangers. 

U 1) E in Fig. 157 is called a “hump” in the grade. In the numer- 
i<*al ea.se given it is only 4.8 fotit aiul would be harmless under almost 
any conditions, but if it were c'onsiderably inort', and if a train 
when passing V had a vehK'ity much less than 20 miles per hour, 
it might bec'ome stalh^ before reaching the summit of the hump. 
Slippery rails or a strong head wind may so increase the resistances 
against which a train works that if the computed margin of velocity 
head at the top of a hump is made too. smaU it may be entirely 
overc\»me and tlie train may V)e stalled before it is safely over the 
hump. A velocity of 5 miles per hour, which corresponds to a 
velocity head of only 0.tS8 feet.is the least margin that should be 
safely tdlowed. This is also partly due to the fact that when the 
velocity becomes less than 5 miles per hour the resistance per 
ton increase, and as the^^f^ocity drops veryjow they incicase 
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ven' rapicHy awl the law t»ii which the above calculations are based 
bm»!i)es inoperotlve. 

Another datiK<*r is tliat a sag may be so deep tiiut trains w'ill 
ac()uire an exct*ssive vehM'ity when passing through it unless brakes 
are applied. This of course dix's not nn^aii that the sag must not 
be used. It simply means that the sag will cause a waste of energy 
in brakes, a waste which must afterward l>e made up by incr(*ased 
work^from the locomotive. This, ct)nsequently, is one of the cases 
which requires computation, by methods which follow, to determine 
whether or to what extent the sag is justifiable so that the two 
items of increastxl first cost and incn^astsl o[M'rating cxfH*nses shall 
be made a minimum. For example, a freight train may approach 
a sag with a velwity of 20 miles jier hour. Its velocity head is 
therefore 14.05 feet. If the sag at its lowe.st point is 40 fet't lower 
than the imaginary grade line on which the train could have run 
without changing its velocity (the grade A li' in Fig. 157), then the 
velocity heatl of the train at the bottom of the sag would be 54.05 
feet, which corresponds to a spml of 30.2 miles per hour. Although 
this is a pennis.sible speed with freigljt trains whi<4i are e(]uipfied 
with air brakes and automatic couplers, it is a])proaching the limit, 
and there might he some local coiulitions which would render even 
this speed through the sag ina<lvisal)lc. 

182. Problems. 1. If a train is r-inning uniformly along 
a level grade at a six'cd of 35 miles per hour and n^achesa 1.2-per¬ 
cent upgnule, how far up the grade could it run In'fon' its speed i.s 
rtsluced to 10 mile.s per hour? 

Velocity head for 35 miles per hour = 43.01 feet 

Velt>city head for 10 nnles per hour= 3.51 fc*et 

Permissible increase in elevation = 30..50 feet 
Distance from bottom of grade = 39.50-5-.012 = .3292 feet 

2. At what speed may a train approach a .sag 28 feet below 
the normal grade line so that its maximum speed at the bottom of • 
the sag shall not exceed 3fi miles per hour? 

At 36 miles per hour the velocity head=45.51 feet 

Subtracting the depth of the sag = 28.(X) feet 

The permissible velocity is that due to 17.51 feet or 22.3 niUc» 
per hcnir. « 
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RESISTANCES 

183. Train Resistance. The energy' of the steam in the loco¬ 
motive boiler is sjjeiit first in overcoming the various internal resist¬ 
ances between the boiler and the rims of the driving wheels. This 
engine resistance is computed later. Then the resistance due to 
the truck wheels of engine and toider and the atmospheric resist- 
aiK.-e together make up the difference (on a level track and at uni¬ 
form velocity) l)et>vceii the adhesion at the drivers and the'draw¬ 
bar pull. The draw-bar pull is spent, as discussed herewith, in 
overcoming the effect of (1) grade, (2) curvature, the normal 
truck resistance on u straight-level track at uniform velocity, (4) 
the force required to accelerate and (o) the starting resistance. 

(1) Grade Hceitdance. Grade resistance is readily determin¬ 
able with mathematical accuracy and equals 20 pounds per ton 
(of 20(K) pounds) for each per cent of grade. For example, the grade 
resistance on a 1.2-|H'r-cent grade is 20X1.2 = 24 pounds pc‘r ton. 

(2) Curvature Iteeietancc. ('ur\'ature resistamw is usually con¬ 
sidered to be the e<iuivalent of a .O.'55-pcr-cent grade for each degree 
of curvature, although the resistance varies somewhat, depending 
on the velocity, and on the superelevation of the outer rail, the 
resistajK-e In’ing gn’uter if the \ elocity is much less than that for 
which the 8Jip<!relevation was designt'd. This is the value usually 
taken in com])uting the connxMisation for curvatures (see article 
170). Then the rt'sistance in pounds per ton equals 20X.035=0.7 
pound for each tlegree of curvature. 

Exam pies. 1. W hat is 1 hr purvat arc riMist ance i)or 1 on on ii 4-flp(pW5 curve? 

Stdutum. 4XO.7 -=2.8 pounds per ton 

2. What is the combined eurvaiurc and Krtide resistance on a &4egree 
curve*, kwftUsl on a 2.2-iK*r><*cnt grmle? 

Sduliim. The parade equivalent to the ciurve = 6X.(KJ.'>»0.21, which added 
to 2.2*2.41 per cent, the tHpiivalent grade. 20X2.41 ==4.H.2 {lounds per ton, 
the resistance. 

(3) Normal Track Res-istance. Normal track resistance is a 
combination of several resistances which are varioudy affected by 
changes in conditions. The resistance to the rolling of wheeb on the 
rails is a very small part of the total resistance. Accurate tests of 
journal friction show that^tfxe friction of axles in their b^urings is 
actually^less at higher velocities, probably because the resulting lu|^ier 
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ten^rature reduces the friction. The total varies with the number 
of cars in the train. The resistance per ton is much lower as the 
‘load per wheel increases. The atmo.spheric resistance of freight' 
trains evidently dei)ends on whether the train is made up of only 
one tj’pe of car (bo.v, flat, or gondola), or of a combination of ty})es, 
which would increase that resistance. Numerous experiments have 
been made, by plaxsng a dynamometer between the locomotive and 
first car, to determine the amount of the tractive force and to dis¬ 
cover its variation with veloc*ity and its other laws. Of course it 
was necessary, when analyzing the results of these tests, to de»luct 
first the effect of grade, curvature, and acceleration or retardation; 
but even then the results are so far from uniform that no set of 
numerical values can Ih^ unifonnly applied to all grades of track. 
This variation is due to the very evident fact that the resistance 
would be less oj» a high-gnule, well-kept track, with heavy rails than 
on a cheap, rough track, with light rails. But there is one very 
significant and surprising result which may be deduced from each 
series of tests, and that is, that a formula which makes the resists) ii<« 
equal a constant times the number of tons plus another ranstant 
times the number of cars, but with no variation dei)ending on velo<y 
it.>', will satisfy the dynamometer results as (;lo.sely as any other 
etiually simple law. This statement applies to freight trains betw'een 
the velocities of 5 miles and 35 miles per lu .ir. When starting the 
resistance is greater. At higher velocities than 35 m.p.h. the resist¬ 
ance is also greater, but since the economies of redu(»?d resistance 
apply chiefly to freight trains at usu#.! working velocities, the sim¬ 
plicity of the above law is important. Each sc^t of te.sts on any 
given piece of track will give a new pair of constants for the resist¬ 
ance formula. A compilation of the results of many tests gave the 
following, is.sued by the American Railway Engineers A.ssociation, 
as an average formula: 

R-2.2 r+i2i.r)f; (los) 

in winch R b total resistance at uniform velocity on a level tangent; 
T is total weight of cars and contents, in tons; and C is number of 
freight cars in train. 

It should be clearly understood that the formula does not 
necessarily give the actuid resistance for any given case, since the 
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reHistanci^ will deiMnid on the actual condition of the tra<rk, but'^tlie 
result will he a good average result and for comparative purposes the 
fonnula is useful. 

'J'he resistance of trains at higher velocities than 35 miles [H*r 
hour must be considered as depending on vehxsty. The formula 
used by the Baldwin Locomotive Works is 

R = 4.3+0.0017 1“ ([06) 

in which It is the resistanct; ixr ton, and V is the velocity in miles 
jxjr hour. The fonnula is particularly applicable to passenger 
trains having cars w'eighing 45 tons and over. For lighter cars, the 
freight-train fonnula should lx; used. The formula should not be 
used for low velocities, especially those below 10 miles per hour, 
nor f(>r light-weight cars. 

Example. Assmtiii tlmt tlii'n.! tire freight eurs weighing, with con- 
2'2(M) toiiH. Whnt is the* resistnni‘e hehiml the engine? 

.Applying equation (105) 

It = 2.2 X 221M) + 121.0 X= SSoS poumls 

As an illustration of variations in results, depending on varia¬ 
tions in track condition, some t(‘sts on the Baltimore & Ohio Railroad 
were reduced to a formula .similar to equation (105) but with the 
(xin.stants, 2.78 and 113.9. Using the.se constants and applying the 
formula to the above numerical case, the computed value of It 
would be 9875, an increas<^ of nearly 12 per cent. This variation 
shows the uselessness of attempting to apply any definite numerical 
vjdiu!s and to e.xpect accuracy uiile.ss the resistance of the particular 
track in question has bt?en determined by actual test. 

(4) Accelerative Force. Acetderative force has iMfeii computed 
theoretically in article 179. The formula for atx.’cleration may alscj 
l>e u| 4 )lied to detennine how far the kinetic energy in a train will 
help to force it up a grade which is greater than that up which 
the locomotive could haul such a train indefinitely. 

(5) Starting lU'sistance. As previously stated, the resistance 
per ton when starting a train is considerably in excess of the ordinaiy' 
resistaiK«. When cars have been left standing for several hours, 
or even days, e-sfiecially in winter wejithcr, it may take a force of 
40 iM>und.s [x'r ton to produce motion. The liearings bectane 
“frozeoilv. But such resistance is only momentary and may be 
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partj^' ovm*ouui by the impact of moving cars or engine striking 
against the stalled cars. When an engineer r<‘verscs his engine, 
*backs it against the ears, and then immediately reverses again so 
as to go fon^ard, he accomplishes thr«‘ things; (1) the journals 
become loosenwl from the cxmiparatiNcly rigitl condition they will 
assume even during a short stop; (2) the springs of the couplers 
will la'coinc comprt'ssetl during the small backward motion and their 
cxpansRm during forwiinl motion will materially assist the forward 
motion; (3) if the train is very long, the total slack in the couplers 
is very c*onsiderable and the lo{*omoti\e will have moved sijvcral 
feet before the last car begins to move and the ears are starUxl 
one by one. Such deviers in oiNTution nnluee to a variable extent 
the rc‘sistanee which wouhl be encountered if all cars were startisl 
at the same instant. A serits of tests on the Rock Island system 
gave results with an ordinary range from 10 to IK {Kumds per ton 
^ind averaging 14.1 pounds. An extreme value of 30 inmnds was 
noted for “frozen bearings” and a low extreme of only (> ixmnds 
extra whe»i the stop was only momentary. Since a juggling of 
the train can j>roduee virtually tiu* .same result as a iner<* motn<n- 
tary stop, the neces.sary extra starting re.sistaiice for a limiting 
case will be considered as only (i pouiuls iht ton in solving stnne 
numerical problems in a later artit'h*. 

Example. Huw much draw-bar puli will be requimi to haul a freiKhi 
train of 10 eort;, each weighing 70 tons, and a eubuusc weighing !.'• tuns, at a 
iiuiforin veloeity of 15 inilas |mt hour up a O.U-iMT-eiTit grade? 

Tho only signifieiinee uf the 1.5 in ji.h. in the solution i.s tlx* 
fiiet that it is Wtweon 5 and 3.5 and that, t^quation (105) is upfilieuble. Thu 
grade resistance jwir ton is 20X0.9'=1H (tounds, luid for the 11 ears weighing 
<15 tons it is 71.5X‘1S =» 12,870 {KnindH The fraelivc resist anec, by equation 
(105;, is 

/?«2.2X71.5 + 121.0X11 =‘2011 jKanidh 
Adding the grade rcsistanee, the total resistane(‘ would lx* 1.5,781 ixainds. 

ITie aljove problem assumed gondola ears w'cighing 40,(KI0 
pounds and each carrying 100,000 pounds and a 15-ton calioasc. 
Suppose that the train consisted of empties, say 35 empties at 20 
tons each, or 700 tons, and the l.Vtxm cabraxse. The total weight 
being the .same, the grade resistjinee is the same. Put the number 
of cars bcang greater, the tractive resi.stancc‘ is grttater ami 

A* 2.2X 715-t-121.0X*10 ® 5951 {lounds 
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which is HU increase of 3040 pounds, and the tractive resisi|ince 
is more tiian doubled. It should be noted that if there were no 
grade, the tractive resistance would be only 2911 pounds for the^ 
loaded train and oOol ix)unds (over twice as much) for the empty 
train of the same gross weight. On the other hand, on the 0.9-per- 
cent gra«le the resistance of the loa<led train would be 15,781 pounds 
and that of the train of empties 5951 + 12,870=18,821 pounds, 
which is only 19 per cent greater. The average tractive resistance per 
ton of the loaded train is 2911-5-715 = 4.07 pounds, while that of 
the empty train is .5951-5-715=8.32 pounds. The grade resistance 
is constant in either case at 18 pounds per ton. The character 
of the train load, whether loaded or consisting of a long train of 
empties of the same gross weight, is thus a matter of great imjwr- 
tunce on a level or nearly level road and becomes of much less impor¬ 
tance on a grade of even 0.9 per cent. On a 2-per-cent grade the 
tractive n'sIstaiK-cj is comparatively small and variation in the 
character of the loading is of still le.ss importanc'e. 

Example. How inu(‘h tnu'tive foren will bp roquiroci, tisina the data of 
the; jiroviouH cxauipli;, to ii)prpii.s(; the* vplo4;ity from lo m.p.h. to 20 m.p.h. in 
a distanrp of oOO foot? 

Solution, .\pplying pcpiution il04) wi; have T, = lo, K,«20, and s = 500. 

Then 

P «~ I=24..> |K>unds pta* ion 

For tlie 715-ton train, this will requirt? an extra pull of 17,518 
pounds, ^'his is the equivalent of a 24.5-f-20= 1.225-per-cent 
grade. Whether the locomotive has sufficient tractive force to 
pull 15,781 pounds of tractive force and grade resistance and 17,518 
(K)unds more for acceleration, or a total of .TL299 pound.s, is a matter 
to be studied under “|H)wer of the loa)motive”, article 189. The 
further question would arise, could the locomotive make steam 
fast enough to produce this energy? This will lie coniudered in 
article 189. 

Example. What is the tractive resistance behind a pasflengff ongine 
of a load of 4 <‘ars, each weighing .52 tons and traveling at a velocity of 60 miles 
l>cr hour? 

Substituting in equation (IM) the value of r=60, we obtain 
10.42 pounds iicr ton, andlor the 208 tons the draw-bitf pull would be 2167 
pounds. 

* 
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irrespective of the resistance of the locomotive itself, considered 
later, this pull of 2167 pounds at a velocity of 60 m. p. h., or 88 feet 
•per second, is the equivalent of 88x2167 = 190,696 foi>t-ix)unds per 
second, or, dividing by 550, equal to 34t> horsepower. 


PULLEY POWER OF LOCOMOTIVES 


184. Rating of Locomotives. Since it is very important for 
the economical operation of roads that each locomotive should 
be loaded to the limit of what it can effici<*ntly haul, and sinw, 
as shown in article 183, the hauling power of a locomotive, especially 
on a flat grade, depends <»n the number of cars ns well as on their 
gross weight, it is important to determine for each lotH)motive a 
loading which will measure its fx>wer and which is independent of 
the number of cars or of the rate of grn<le. This loading is called its 
“rating” and by applying to the rating a proper cwrection, rlepending 
on the number of cars and grade, tlie hauling power or the proper 
* loading of that locomotive for any grade may be readily determined. 

Let P be pulling i>ower of the locomotive, or the tractive power 
as measured at the rim of the drivers; E weight of engine and tender, 
in pounds; W weight of cars behind tender, in pounds; It rate of 
grade, or ratio of vertical to horizontal; K u constant which, as 
determined by tests, is the factor 2.2 pounds iwr ton, in erpiation 
(105); C a constant whi<‘h, as determine*! by tests, is the factor 
121.6 pounds per ton, in equation (105); A numlxT of cars in the 
train; and A the desired rating. Then 

/>=(/?+ID Ut+K)+NC 

transforming, 


P 




N- 


C 

H+K 


The right-hand side of this equation is the weight of the train 
behind the tender plus the number of cars times a quantity made 
up of two constants and the rate of grade. This right-hand side 
of the equation is called the rating, or A. Values of the fraction 
(7?-f K), m tons per car, which are independent of engine or 
train characteristics, are tabulated for various rates of grade, as 
^ven in Table XVIII. In computing these values, since C and K 
are lesistanceB per ton, It most be the resistance ner ton for the 
rate of grade dkmridered. 
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TABLE XVm 

Values of C-i-{R+K) for Various Grades 
(111 liiiM {tor enr) 
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If all t^n were luadcfl und had un avaragti weight of 5(1 tom, we would have 
/ 829=56 A^4-3.6 N =59.6 .V 

.V = nearly 14, or 8ay*13 IosuUnI ears and (ho calaww^ 

• 

In the above examples the pulling power P is determined on 
the basis of the loeomotivc ■working at the maximum velocity M at 
which it can maintain full stroke. St'c article 100. This represents 
practically the maximum jK>\ver of the lo<*omotive. The vehwity 
M is usually from 4 to 7 miles i)er lu)ur and is ns low as should be 
allowed on maximum grades, since an attempt to utiliKe a slightly 
higher tractive fon-e at a soimwvhat h>wcr vehu ity would probably 
rt'sult in stalling the train if an unexpected resistance in tlie track 
slightly increasetl the normal resistance. 

185. Units of Operation. A large part of the calculations in 
railroad economic*s con.sists of a valuation of changes in aliiuanent 
or the financial value of a reducti«>n of distance, curvature, rise and 
fall, und ruling grade. Formerly sucli calculations were made 
•exclusively on the basis of the cost of an average train-vnlr, esi)ecially 
as this i.s shown to be surprisingly (‘onstant for roads of all charu' - 
ters, long and short, heavy traffic and light traffic. The geiand 
methcKl w'as to take up each item in turn of the average cost of 
o])eratiug trains aiul to estimate the effect of a change in alinenamt 
on the normal average i)ercentag»* of each item. Some of the items 
are affe(*tcd very materially; others are affe< red V(Ty litth; or not at 
all. The normal average for each item w'jjs then multiplied by the 
j^ercentage by w'hich that item w'as estimated to be afTcct<*d by that 
unit change in alinement conditions, and then the sum of tlu'se prod¬ 
ucts w'ould be the computed ijerccnttfge by whir-h that unit <*hange 
f>f alinement would affect the average cost of a train-mihr. Further 
study has shown that the cost of fuel, for example, for freight trains 
is dispr(>i)orti<rtiately high. I'herefore, when coin])uring the rela¬ 
tive co-sts of o{)erating freight locomotives on two different grades, 
it ■will not do to ba.se the estimate of increa.sc'd fuel deinaiul on the 
average cost of fuel for locomotives of all kinds. Rut it has become 
increasingly apparent that the effect of grade, for example, on the 
cost of operating a train is largely dcfrcndent on the weight of the 
train, on the character of the Irreomotive and its rating. Therefore 
the effect of grade cannot Ih? measured by any one factor times tl\c 
number of train miles involved. 
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Some of the elements of variation of operating expenses are 
morcr accurately measured by the number of tarirmiles. A stu^' of 
the effect of rolling stock on track niaintenance shows that it is 
largely dependent on train velocity and also on intensity of axle 
loading. Although exact ratios are not computable, it has been 
broadly estimated that passenger trains, having a much higher 
average velocity, are responsible for twice as much track damage 
as the same tonnage of freight trains; also that locomotives, having 
hcavi(*r axle loads and not being truly counterbalanced, are respon¬ 
sible for twice as much truck damage as the cars of the same train, 
which Would mean that the locomotive of a high-speed passenger 
train would do four times as much damage as the car axles of a slow 
freight. 

I’he passenger-mUr, although freciuently used in statistics of 
service reiulere»l by railroiids, has little or no relation to the cost of 
service aiul therefore is not used in problems of changes in alinement 
and grade. 

The car-mile is a useful unit for some sjK'cial purposes. If a 
steel passenger car weighs 100,000 pouials and carries even its 
maximum load of 80 passengers with an average weight of 12.^ 
pounds, the total live loud (10,000 i:)ound.s) is only 10 jx*r cent of the 
dead load. And when, as is usual, the actual live load is only a 
part, and f>erhaps a small part, of the possible load, then it makes 
but little difference in the tractive force recjuired for hauling, espe*- 
eially on low grades, whether the car is loaded or empty. Other 
items of exiH*n.se vurv' almost directly us the number t»f car-miles. 

The engine-mile is similarly a useful unit in estimates in which 
certain costs vary as the numWr of engiue-miles and nearly or quite 
reganlless of variations in other factoni. 

Another element of practical cost in the oi^eration of trains 
a\'er ^ division is the total time retjuired for a run by the slow freight 
trains. The old methods would invariably indicate that the most 
ct*«>nomical gravies, using locomotives of a certain power, w'ere those 
whii'h would permit the maximum train load, even at the slowest 
velocity. But it w'as later developed that it is actually more econom¬ 
ical to run somewhat lifter trains at a higher velocity; and that 
there is a certain combination of train load and velocity beyond 
which, if the train load isi4iicreased and the time of run increased, 
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the «ctra fuel burned, the e.rtra time of the train crews, and the 
exti:iA>]ockinf( of the tracks (especially on a single-track road) more 
than offset the economy of increascMl tonnage in one train. A coii- 
sidemtion of these various elements and units of operation ahov^^ 
the impracticability of adopting any uniform unit values for one 
foot (or mile) of distance savetl, or of one degree of cur^’atu^e savcnl, 
or for each per cc*nt of grade lowcrcHl, which would l)e sufficiently 
accurate for universal applicability, and tliat the only accurate 
method of studying the value of a proposed change of alinement for 
handling an assumed amount of business, with an assuint'd tyia; of 
loc-omotive, is to estimate the power of that locomotive on each of 
the two grades (or other variations of alinement) and the relative 
number of trains, with their cost of operation, in order to handle 
that business. If the problem is a suggesttsl change in an existing 
n)ad, the investigator has the advantage of an opportunity to study 
what the locomotive in use can do on the existing alinement and 
.grades, and he has only to compute the effe<“t of the changt's. Jf 
the problem is a suggested change in a prop<»sed new line, the *'ost 
of operation under both conditions must be estiinatwl. 

186. Types of Locomotives.- The variations in locomotive 
sen'ite have developed all con(*eivable ty|)es as to total weight, 
ratio of total weight to weight on drivers, ty|M-s of running gear, 
relation of steaming (rapacity to tractive power, etc*. The inetlMMl 
of classification on the basis of the rmuhi it gear is very simple. 
The number of wheels on both rails of tin* pilot truck, if any, is 
pla^^ as the first of three numb(*rs. If there is no pilot truck, the 
character 0 is used. This is followt'd ))y the number of drivers and 
then by the number of trailing w'het'ls, if any. For example, a 
Pacific-type engine has four wht'cls on the pilot truck, six driving 
wheels, and tw'o trailing w'hcels under the rear of the boiler. The 
wheel base is symliolized as 4-fi-2. The most common types of 
locomotives, with their popular names and wheel-base symbols, are 


American 4-4-0 

Ccdiunbia 2-4-2 

Atlantic 4-4-2 

2 - 6-0 

Teu-whert 4^6-0 

Facific 4-6-2 

Six-wheel ewiteher 0-6-0 


Consolidul ion 
Mikado 
Mastodon 
Santa Fe 
MoUet 
A truck w 


2-K-O 
2 - 8-2 
4-8-0 
2 - 10-2 
A-B-IJ-A 
I, QRually 2 or 0 


Bvdrivers, varying from 4 to 10 
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'fhe Interstate Goinmerec C’oinmissiou report for 1912 showed 
oo-l Ineomotivos tlie “Mallet” type, out of a total of 02,2<Vi\ni the 
l». S. This is less than 1 per cent hut, eoiisidering that the growth 
ill nuinhers of this type in one year was nearly 23 p<*r cent while the 
increase in all classes was about 1.^- per cent, or that riiore than 10 
ia*r (■ent of the net inen*ase was of this type, it ileserves siweial men¬ 
tion. K^c'huling fr(‘rtk variations, they are always “four-cylinder 
eoniponnds”, one pair of cylinders discharging into the other pair 
aiui then exhausting. They have from five to ten driviifg axles, 
and have a length of engine wheel-base up to nearly 00 feet. Soine- 
time.s the boiler is made “flexible” by a .set of ae<*ordion-sha|XMl 
stet‘1 rings forming a joint in the boiler shell. The boiler proper is 
on one .side of the joint and the feisl-water heater, the reheater, ami 
perhaps the supiTlieater are on the other side. Or, the boiler shell 
is made rigid, one end is rigidly attached to the frame carrying the 
high-pressure eyliinlers and the otln'r end is supported on a bearing 
on the truck frame which carries the low-pressure cylinders and the 
drivers operated by them. I'lui low-pressure truck frame swings 
around a jnvot in the fixeil frame an<l this so cuts down the length 
of rigid wheel-base that these engines are operated successfully on 
20-degrt*e eur\’e.s, and are therefore jiraeticable on any road having 
reasonable nlinement. These !oeomotive.s are chiefly used by roads 
handling large quantities of heavy freight, such as coal, up long 
stretches <if heavy grades, where the demand for tractive power is 
very great. The triwtive power of some of these locomotives is 
ovi‘r 110,(MX) [Kiunds, which is nearly four times us great as that of 
the average locomotive in the United States. 

187. Oil-Burning Locomotives. In 1912 over one-sixth of 
all the locomotives west of the IVIississi|)pi River used oil as fuel. 
Some of the iwlvantages in using oil are as follows: (I) the British 
thermal units in one pound of oil vary from about 19,0(X) to 21,(XX); 
those in a pourul of coal vary from perhaf)s 14,(XX) down to 5090 for 
the poorer grailes of lignite found in the we.stern part of the United 
States and this means a great rc*duction in the cost of carrying and 
storing fuel, measure<i in heat units; (2) the cost of handling fuel is 
reduced and that of disposing of ashes is eliminated; (3) engine 
repairs are reduced in many respects although it is said that the 
increased cost of fiw-bqjfe-jpepairs, due to the intense heat of the oil 
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flame, ofliW'ts any reduction in other items; (4) the fires c-an Iw more 
eahjl^ c(»ntroll(Ml and waste of heat retluml during stopjmi^'s or 
when drifting down grade; (5) wayside fires due to sparks are altt>- 
•gether eliminated; ((>) there is a practical limitation (see article 
189) to the'amount of coal that one fireman can fet'd to a firt*, but 
there is no such limitation when using oil; (7) there is an equality 
in cost of heat units when a 42-gallon barrel of oil, weighing 7.8 
pounds per gallon, costs (K) cents and a t»>n (2(XX) pounds) of coal, 
having two-thirds as many heat units per ]Hnmd, costs $2,()1, or 
4.85 times as much. The other items of tliHerence almost invariably 
fa^'or the oil and might make it more desirai>le even when the ratio 
of cost .seemed to favor the coal. Oil is used very extensively we.st 
of the Mississipj)i River, where in many places oil is plentiful 
and (’heap and coal is poor in quality and high in pri<‘e. 

188. Relation of Type to Service and to Track Cfmditions. 
Economy in operating condition.H requires a thon>ugh co-ordination 
iH'tween the cliaracteristic.'j of the locomotive, the fuel it is to b\irn, 
the roadbed and track it is to run on, and the character of .ser\'i<’e 
it is to render. It may not even be the best economy to usw* fhc 
same type of locomotive, for a given kind of st'rvi<'e, t)n constjculivc 
divisions of the .sjiinc road. 

Whcel-lAmd to Hail-Weight. Since the supp(»rt which the rail 
receives from the ties and ballast is uncertain and variable, any 
ru][e for the relation mast be empirical and approximate. The rule 
adopted by the Baldwin I.<ocomotive Works (“.'{(X) iK)imdH of wheel 
[)er pound of rail j>er yard”) may he used in making a diagram from 
which the relation Ijctwticn total weight on <lriving wheels, nuinlarr 
of drivers, and w'eight of rail, may lie readily obst!rve<l, Fig. 1.59. 

For example, if it is desired to use a type of locomotive W'ith 
170,000 pounds on the drivers and also To-fanmd rails, four pairs 
of drivers will be needed. By using Oo-fwund rails the same weight 
on drivers could be place<i on three axles. As another example, 
a Pacific-type locomotive, with 150,(KX) pounds on its six drivers, 
should have a rail with a minimum w'eight of 88 pfjunds, or say 
an 85-pound rail. 

189, Power of Locomotives. The tractive power of a lf>co- 
motive, or its “draw-bar pull” is limited by the adhesion of the 
drivers, and by the capacity of the boiler to make steam. TJie 
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adh<»sio« of the drivers is a fairly definite ratio of the weight on 
tile drivers. I'lider very favorable conditions, with a dry',rail 
and using sand, a ratio of one>third and over can be obtaineri. As 
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Fig. 159. CurvM for Finding the Number of Driv«r» Ntieded tor Given 
Weight on Dnnng Wheels end Weight of Kails 

an ordinary value one-fourth (Jg), or perhaps nine-fortieths 
is more usual. lender unfavorable conditions, the ratio reduces 
to oiie*>fifth (A), or less. The capacity of the boiler to make steam 
depends on the grate arlsii the heating surface, and (in the case of 
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modern heavy freight locomotives) the (rapacity of the fireman, to 
shq^'el coal. 

Escperience shows that an average fireman, when he must 
miuiitain the full power of the locomotive for long periods of time, 
can handle about 4(XX) pounds of coal per hour, although individual 
performances, in special test cases and for short iieriods of time, 
have given much higher values. It may occasionally lie admissible 
to estimate on extra work up to 5(KK) pounds jarr hour for a short 
period," provided it is preceded or followed by easier work. The 
use of automatic stokerrs can raise this hourly consumption very 
considerably (say up to 7(KX) pounds) or up to the capacity of the 
lix'omotive to burn coal properly, whatever it may be for the i»ar- 
ticular type. There is of course no such limitation in the use of 
oil-burning locomotives, which n<jw include about 7 per cent of tl»e 
total number in the United States. These arc the exccj)tional cases. 

Tlie power develojM'd by any given type (d locomotive depends 
• largely on the characttiristics of the coal used. A Jlritish thermal 
unit (symbolized as B.t.u.) is the quantity of heat required to 
raise the temperature of 1 pound of pure water 1® Fahrefiltcit, 
when the water is at or near its maximum density at 30.1® Fah- 
renheit. When it is said that a certain grade of coal has 14,000 
B.t.u. it means that the heat in 1 ()ound of that coal will raise the 
temperature of 14,000 }X)unds of water 1®, or, approximately, 
10§ pounds of water 140®. But although it only recpiires 180.9 
heat units to heat water from 32® to 212®, it requires 905.7 more 
heat units to change it from water at 212® to steam at 212®. 
It re<iuires only .53.6 more heat units to change it from sttain at 
212® to steam at 387.0® or with a prtjssure of 200 i>ounds IK^r .square 
inch. 

A study of locomotive te.sts made at the St. l.K>uis Eximition 
resulted in the compilation (d Table XIX, which is copied from 
the Proceedings of the American Hallway Engineering AsstK'iation, 
and is now included as Table 1, in the Economics sectitm of their 
Manual. It was found that the .steam, pnaluccsl |)er sciuare foot 
of heating surface is very nearly proportional to the coal burned 
per square f(x>t of heating surface. The rt;sults are purposely 
made about 5 per cent below the results obtained in the St. Louis 
tests to allow for ordinary working conditions. 

* V 
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TABLE XIX 

Average Evaporation in Locomotive Boilers Burning Bitumllious Uid 
Similar Coals of Various Qualities, and for Various Qu^tlUes 
Consumed per Square Foot of Heating Surface per Hour , 


oti fc4«i wat«*r at (M)^ Kuhrunlioit, and builcr prefMuro :iUO {xnintia) 


CoAl, I'K.H Svil'AIir 

ta IIkatiso 

S'rKA.M PKK Pol 

\U OF C'lMt. OF UlVKK 

(lb.) 

Thehual Value 

Si ii»'a< k I’l'.n lloi'ii 
(It) ) 

Ift.lw) 

H 1 II 

14.(HX) 

U t II 

ll.t.ll 

12,(XXI 

H ( 11 

11,(XK) 

B.t XI. 

*10,000 
H l.u. 

0 s 

7.HJ) 

7 24 

0 81 

0 20 

5.70 

5.24 

0 •) 

7 . :)K 

7 07 

0.57 

0 (Hi 

5 515 

5 05 

1 i) 

7.:n 

0.S2 

0 24 

5. So 

a. 20 

4.87 

i 1 1 

7.(K> 

0 50 

0 12 

5 (55 

5 IS 

4.71 

1 2 

(* S2 

0 27 

5.91 

5 40 

5 00 

4..55 

1 :i 

(I .'>!» 

(>. 15 

a 71 

5 27 

4.82 

4.29 

Id 

»i. :i7 

5.05 

5.52 

5. to 

4.07 

4.25 

1 ■) 

() 17 

5 70 

5.25 

4.04 

4.52 

4.11 

1 (i 

a H7 

a 57 

a IS 

4.78 

1 28 

2 98 

1 7 

a 7!t 

a 10 

5.02 

4 02 

4 25 

2.80. 

1 ,s 

a <)l 

5 24 

4. SO 

1 40 

4 12 

2 74 

1 » 

a, 41 

5, OS 

4 71 

4 25 

2 IHl 

2 02 

2.U 

r,.27 

1.02 

4 57 

1 22 

2.80 

2.51 

2 I 

5.12 

4 7K 

4 44 

4 10 

2 75 

2.41 

2 2 

4 ‘»7 

4 04 

4.21 

2 OS 

2 0# 

2 21 

2 :i 

4 s;{ 

4 51 

4.10 

2 . Sli 

2.5^ 

2.23 

! 2 4 

4.W) 

4 2S 

4 07 

2.75 

2.44 

' 2.13 

2.0 

4 ati 

4.20 

2.05 

2.05 

2.24 

^ 04 

2 ti 

4.44 

1 14 

2 S4 

2 55 

3 25 

2 06 

2 7 

4.:J2 

I.IW 

2 74 

2.40 

2 17 

2.88 

2.S 

4 21 

2 02 

2 04 

2.27 

3.(K) 

2.80 

2 t) 

4 10 

2 s:j 

2 55 

2 28 

2 01 

2.72 

:i 0 

:t ‘HI 

2 72 

2.40 

2.10 

2.02 

2.00 

_ . > 




__ 




Tlt<< (|itiuitity of stoiuii (’vtqMirutdi for iutoniitHiiato (|uantit ira or qualities of 
can be found l>y iiUerpoliilion. 

< )n Inubwater iliatricta dt'duct. (lie following from tabular quuatitwis: 

For molt inoli of mTumulatwl walo. 10 {Kipcent 

Fo*oaoh grain p(T T. S. gallon of foaming salts in the average 
f«a»ti water. 1 p<*r eent 

190. Power Calculations. Illmiratim Example, Assume that 
a Mikudo loc‘omott\‘e, having a total heating surface of 2565 square 
feet is firetl with coal whose samples test 13,000 B.t.u. On the basis 
tiiut a hremaii run handle 4(K)0 pounds of coal {ler hour and main¬ 
tain such work throughiAit his run,, the coal may be fed at the rate 
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4000 

pounds per hour per square foot of heating surface. 

. If the aii^Sried mine samples of the coal tested 13,000 B.t.u., the 
average run-of<ar coal would have about 90 per cent of this, or 
11,700 B.t.u. Interpolating in Table XIX for 1.56 and 11.700 we 
find that the pounds of steam per pound of coal would be 4.72. 

. But. mice the locomotive is designed for use at 175 pounds gage 
pressure, instead of 200, as in Table XIX, the amount of steam 
produced will be about 0.3 per cent more, or say 4.73. The uncer¬ 
tainties of firing are so great that such small corrections may be 
ignored. . But considering that a superheater is used in this loco¬ 
motive, and that, with the usual superheater proportions and 
efficiency, 0.85 pound of superheated steanl may be considered as 
ha\'ing the same volume and pre.ssure as 1 pound of saturated steam, 
the amount of steam developed by 1 pound of coal is equivalent 
to 4.73-r 0.85 = 5..'i6 pounds. Then the equivalent amount of 
* steam developed per hour equals 5.56 X4000^:22,240 pounds. 

The weight of steam used per stroke may be computed mr>4t 
easily by utilizing Table XX, which is also taken (but somewhat 
amplified) fjom the Proceedings of the American Railway Engineering 
Association,* and now included as Table 2 in the Economics section 
of tliei^ Manual. The weight of steam per foot of stroke for 22 
inches diameter and 175 pounds gage pressure is 1.106 pounds 
and for a stroke of 28 inches (2| feet) it is 2.581 pounds. For a 
complete revolution of the drivers it is 4X2.581 “10.324 pounds. 
Since the engine can develop the equivalent of 22,240 pounds of 
steam per hour and will use 10.324* pounds at one revolution, it 
can run at a speed of 22.240‘4-10.324=2154 revolutions per hour, 
or 35.9 revolutions per minute, at full stroke and maintain full 
boiler pressure. The drivers are 57 inches in diameter and there- 
f«e have a drcumference of (57-«-12) X3.1416“ 14.923 feet. The 
maTinnim engine speed for full stroke is 35.9X14.923 =535.7 feet 
per minute. Multiplying by 60 and dividing by 5280, or dividing 
by 88, we have 6.087 miles per hour as the maximum speed at which 
full stroke can be maintained. 

In Table XXI, also taken from the proceedings of the American 
EiSway Engiiteering Assodation and now included as Table 4 in 
tbe Ecmiomicasectkm of the Manual, aieg^ven the pounds of steam 
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TABLE XX 

Weight of Steam Used in One Foot of Stroke in Locomotivi^ 

Cylinders 

(Cxlindf>r draoiotor i« for hiKh^niiisure oylindm in oompound looomotivM) • 


Wkkjht or Rtf.am pkh Foot or Htsokt: fob Vakioub Qaob Pbbmsvbbb 


Diametkm 

or 

CrUMiKB 

(llichr-ii) 

220 PiiMudH 
n<;r S(]uaro 
Inch 

(lb.) 

210 Pound» 
|M:r Square 
Inch 
(lb.) 

200 PoundH 
per H<|uaro 
Ineh 
(lb) 

190 Pounde 
per Sniiarcs 
Inch 
(lb.) 

ISO PoundH 
per Square 
Iiu'h 
(lb.) 

170 PoundH 
per Square 
Inch 
(lb.) 

too Poundt) 
per Square 
• Inch 
(lb.) 

12 

0.405 

0.:J89 

0.370 

0 354 

0 337 

0.321 

0 304 

l.‘i 


0.456 

0 435 

0 415 

0.396 

0.376 

0.357 

14 

0.551 

0.529 

0 .504 

0.482 

0.4.59 

0.4.36 

0.414 

If) 

0.633 

0.607 

0 579 

0.5.53 

0.527 

0..501 

0.476 

15i 

0.675 

0.649 

0.618 

0.590 

0.562 

0.535 

0.508 

1(1 

0.720 

0 691 

0.6.58 


0..599 

0.570 

0.541 

17 

0.812 

0.780 

0.744 


0.676 

0.643 

0.611 

18 

0.911 

0.875 

0 834 

■iKiM 

0 7.59 

0.722 

0.685 

181 

0.962 

0.924 

0 881 

0 St I 

0 KOI 

0 762 

0.724 

19 

1.015 

0.975 

0.928 

0.887 

0.84.5 

0.804 

0.763 

101 

1.069 

1.027 

0 978 

0 934 

0 890 

0.847 

0.804 

20 

1.125 

l.OSO 

1.029 

0 9s;{ 

0 936 

0.891 

0 846 

201 

1.181 

1 134 

1 OSl 

1 032 

0 984 

0.936 

0 888 

21 

1.240 

1.191 

1 1.34 

1.08,3 

1.032 

0.982 

0.932 

22 

1.361 

1.307 

1.245 

1.189 

1.133 

1.078 

1.023 

23 

1.487 

1 42.8 

1.361 

l.:300 

1.238 

1.178 

1.118 

24 

1.620 

1.555 

1 482 

1 416 

1.348 

1.283 

1.218 

25 

1.7.W 

l.()88 

1.608 


1.462 

1 392 

1.322 

20 

1.90K 

1.825 

1 739 


1 .582 

1,506 

1.430 

27 

2.050 

1.968 

1 875 

lEa 

1.706 

1.624 

1..542 

28 

' 

2 20 4 

2 117 

2 017 

1.926 

1 8.3.5 

1.745 

1.657 


For wi'ight of Htotun uwni per revolution of drivers at-full cut-off: 

Multiply the tabular quantity by four times the length of stroke in feet 
for simple and four-cylinder compoundp. For two<ylinder compounds 
multiply by two times the length of stroke. 

per indicated-horsepower hour for simple and for compound 
locomotives for various velocities, which are multiples of J/, the 
raanmum velocity at which the boiler can maintain steam at 
lill pressure. The table is computed on the basis of 200 pounds 
gage pressure, but factors are ^ven for other pressures. For 
example, continuing the above numerical problem, the pounds (d 
kteam per i.h.p.-hour, for a simple locomotive, at M velocity, and 
at 200 pounds pressure, taken from Table XXI, is 38.30; for 175 
pounds pressure we mus^ i&ultiply by the factor 101.7, sriudi makes 


m 
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TABLE XXI 

, Maximum Cut-Off and Pounds of Steam per I.H.P.-tfour for 

Various Multiples of M 

(jr i» miudiuutn velocity in milee per hour at full cut-offt with boiler pmiaure at 3U() 
• pouudu per Kiuare inch) 


VsLociTT CurOrr 
(per cent) 



Pounds Stram pkr 
I.H P.-Houb 


Simple {Compound 




H. 

6 
4. 

5« 

32.41 

31 40 

30 40 
29.07 
2S 93 
28.2.'i 

27 02 
27 05 
20 52 
20.00 
25.07 

25.32 

25.02 

31 70 
24.54 


25 80 
24 30 
23 24 
22 35 
21 05 


2 9 M 

3 0 " 



20 10 
20.40 

20 40 
20 40 
20 40 
20.40 
20.40 

20 47 
20 00 
20.73 
20.88 



Cvr-Orr 

PoUNIW Stram prr 
I.U.P.-Houb 

iper wnt) 

Simple 

Compound 

38 5 

24 37 

21.04 

37.0 

24.22 

21.21 

34.2 

24. (X) 

21.57 

31.8 

23.85 

21.93 

29.8 

23.8 

22.27 

28 0 

2^1.8 

22.57 

26 4 

23.87 

22.86 

24.7 

24.05 

23.22 

23.3 

24.24 

23.50 

22.1 

24 44 

23.85 

21.1 

24.64 

24.16 

19.5 

24.98 

24,70 

18.4 

25.20 


17.6 

25.45 

1 

17.1 

25.60 


16 7 

25.70 


16 4 

25.80 


16.1 

25.90 

1 


For Htpain {mt i.h.p.-hoiir for other boiler prcHBurm taku the following 
percentages of values given in Ittble: 


160 lb., 103 per cent 
1701b., 102.1 ptir cent 


180 lb., 101.3 jier cent 
190 lb., 100.ft per cent 


210 lb., 09.5 pi^r cent 
200 lb., 99.2 fHfl* cent 


the quantity 38.95. Dividing this into 22,240, the steam produced 
per hour, we have 571.0, the i.h.p. at Af velocity. Multiplying 
this by 33,000, the foot-pounds per minute in one horsepower, 
and ditdding by 535.7 the velocity in feet per minute, we have 
35,174, the cj'Under tractive power in pounds, when burning 40Jp 
pounds of coal per hour and running at 6.087 m.p.h. 

To obtain the draw-bar pull, we must deduct the engine resist¬ 
ances which may be computed as given in Table XXII, also taken from 
the Proceedings of the American Railway Engineering Assodation 
and now inclined asTaUe 7 in the Economics section of the Matiual. 

2W 
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TABLE XXII 


Locomotive Resistences 

_ » - 

Total I^ocomotive Rosistanoe u A 4-B+C, in which 

A oniHistance between cylinders and rims of drivers, and in pounds * 

— 18.7 T+SO jV in wluch T —tons weight on drivers and 

AT-number of driving axles. 

B—resistance of engine and tender trucks, and in pounds 
—2.0 T4-20 AT in which T—tons weight on engine and tender trucks 

and A'—number of truck axles. 

C—head-end or "air” resistance, and in pounds * 

— .002 V^A in which V —velocity in miles per hour, and 

A —end art^a of locomotive. 

On the basis that the end artm averages 12.5 square ftHit, the last formula 
becomes C’-0.25F^ The number of pounds air nisistance for various 
velocities is os given below. 


Vb- 

ITT 

V 

Rmiar- 

AMCm 

V 


H 

Veixjo- 

irr 

V 


m 

Rkmat- 

ASCK 

C 

M 

m 

VCLOO- 

ITT 

V 

■ 

1 


8 

16.00 

15 

56 

22 

121 

29 

210 

36 

324 

2 


9 

20.25 

16 

64 

23 

132 

30 

225 

37 

342 

3 

2.2.5 

10 

2.5.00 

17 

72 

24 

144 

31 

240 

38 

361 

4 


11 

30 

18 

81 

25 

1.56 

32 

256 

39 

380 

5 

6.25 

12 

36 

19 

90 

26 

169 

33 

272 

40 

400 

0 

9.00 

13 

42 

20 

100 

27 

182 

34 

289 

50 

625 

7 

12.25 

14 

49 

21 


28 


35 

306 

60 

m 


Draw-bar pull on level tangent equals the cylinder tractive power less 
the sum of the engine nwistances. 


At low speeds, the adhesion of the drivers should be considered and 
available draw-bar pull should never be estimated greater than 30 per cent 
of weight on drivers at storting with use of sand, or 25 per cent of weight 
on drivers at running speeds. 


Applying Table XXII to the numerical problem, item A=s(18.7X 
70.6)+ (80x4) * 1432 Ib. The total wciglit of engine and tender is 
315,000 pounds; subtracting 153,200, the weight on the drivers, we 
have J01,800, or 80.9 tons, the weight carried by the engine and 
tender trucks. Item (2.6 X80.9)+(20X6) =330. Item C for 

velocity M is almost insignificant, say 9 pounds. The sum of A, B, and 
is 1771 pounds; subtracting this from 35,174we have 33,403 pounds, 
the estimated draw-bar ^uU for that speed and coal consumption. 

To note the effect of increasing the rate of coal consumption, 
^ the problem may be again worked through on the bass that the 
rate of coal consumption is mereased, even tempenarUy, fraam 4000 
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pounds to 5000 pounds per hour. The steam developiMi per pound 
•f coal is reduced from 5.56 to 4.93, but the total steam produ<*ed 
per hour is increased fnun 22,240 to 24,650. The increased capacity 
comes tluough a loss in efficiency. The increased steam proiluction 
raises the velocity at which full stroke may be maintained from 
6.087 m.p.h. to 6.746 m.p.h. and the i.h.p. from 571.0 to 632.8. 
But the computed cylinder tractive power is practically identical, 
the Qumerical computation of 35,174 la'ing only changed to 35,175. 
But these cylinder tractive powers are each computed for the 
“Jlf” velocities, the maximum vekMities at which full stroke can 


be maintained, and M is higher with increased coal consumption. 
For a real comparison, the figures must be reduced to the same 
velocity, c.g., the working vekxrity of 10 m.p.h. 10-5-6.087* 1.643, 
the multiple for the original problem. For 5000 pounds of coal 
per hour, M velocity is 6.746 m.p.h., and the multiple is 1.482. 
From Table XXIII we find that the percentages of cylinder tractive 
power for simple engines for these two multiples of M arc 77.44 
and 81.93,. respectively. The ^ligher value is 105.7 per « «nt of 
the lower, which shows tliat, in this case, adding 25 per t!ent to 
the rate of coal consumption atlds only 5.7 per cent to the cylinder 
tractive power at 10 m.p.h. 

As another instructive variation of the same problem, assume 
that the coal has effective B.t.ii. of 13,'W)0, instill of only 11,700. 
It will be found that steam will l)e produced more rapidly, the M 
velocity is 6.777 m.p.h. and the horsejjowcr at that velocity is 
635.7, but the cylinder power is computed to Ije 35,177 pounds, 
which is again almost identical with the previous values although 
the M velocity is still higher. The multiple for 10 m.p.h. is 1.476 
and by Table XXIII the per cent of cylinder tractive power is 82.11, 
which is an increase of 6 per cent over 74.44 jier cent, showing that 
the increase in effective B.t.u. from 11,700 to 13,000 adds 6 per 
cent to the cylinder tractive power at 10 m.p.h. 

These values for cylinder power may again be checked by the 

simple rule that 


Tractive force »* diameter)* Xeffective steam pressure x.stroke 

diameter of driver 

. 4^ 

The ^'effective steam pressure** is generally considered as 




85 per oeiTt ^ the gBugc |»es8ure, and for the above case would be 


m 
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TABLE XXIII* 

Per Cenl Cylinder Tractive Power for Various Multiples of 


(\f iH inaxiiijuin vriticitjr iti uiiIch p«<r hour at which boiler prcesuri- can 
be maintained with full cut-off) 


VEUir- 

IT% 

l*«cn Cent 
( fT,)Tn- 

1’ek Cent 
fSimpIn 

Vkwk- 

rrv 

I’r.n Cbjit 
«' om- 
puund; 

Per 
Cent 
(S imple) 

V ELOC- 
ITT 

Pas 

Cent 

(Com¬ 

pound) 

Pee 

Cent 

(Simple) 

Slurt 

135.(X) 

100.00 

3.0 M 

32.40 

MM 

6.4 Jl/ 


23.59 

().r> .V 

103.00 

103.00 

3.7 “ 

31.25 

Krlrrl 

6.5 “ 


;43i8 

1.0 “ 

UK).00 

1(X).(X) 

3.8 " 

30.10 

BrIaT!l 

6.6 " 


22.79 

l.l “ 


95.57 

3.0 " 

20.14 

41.24 

0.7 " 


22.42 

1.2 " 

02.55 

91.53 

4.0 “ 

28.21 

40.10 

0.8 " 


22.06 

i.ii “ 

HS.83 

87.83 

4.1 '■ 

27.38 

30.00 

(5.9 " 


21.71 

1.4 “ 

85.12 

84.40 

4.2 •• 

20.50 

37.00 

7.0 " 


21.38 

1.5 " 

81.40 

81.37 

4.3 “ 

25.77 

30.97 

7.1 " 


21.06 

1.0 “ 

77.(58 

7S.55 

4.4 

25.03 

30.03 

7.2 " 


20.75 

1.7 " 

73.00 

75.97 

4.5 “ 

24.34 

35.13 

7.3 “ 


20.45 

1.R " 

70.25 

73.(X) 

4.(5 " 

23.09 

34.26 

7.4 “ 


20.16 

1.0 *■ 

00.54 

71.11 

4.7. “ 

23.07 

33.41 

7.5 “ 


10.88 

2.0 *• 

(53.21 

00.37 

4.S “ 

22.48 

32..50 

7.0 •• 


19.01 

2.1 " 

(50.20 

(57.47 

4.9 " 

21.92 

31.82 

7.7 “ 


10.34 

2.2 “ 

57.48 

(55.67 

5.0 " 

21.38 

31.11 

7.8 " 


19.08 

2.3 “ 

54.07 

(i3.‘M 

5.1 ■■ 

20.87 

30.42 

7.9 " 


18.82 

2.4 “ 

52.(58 

(52.22 

5.2 ■' 

20.37 

20.75 

H.O " 


18.57 


50.42 

00.55 

5.3 •• 

19.89 

20.10 

8.1 " 


18.33 


48.10 

, 58.02 

5.4 " 

10.43 

28.48 

8.2 “ 


18.09 

2.7 “ 

• 

40.08 

57.33 

5.5 “ 

18.90 

27.87 

8.3 " 


17.86 

2.H •• 

44.10 

55.78 

5.0 “ 


27..33 

8.4 “ 


17.64 

2.0 “ 

42.29 

54.20 

.5.7 " 


2(5.81 

8.5 " 


17.43 

3 0 " 

40.57 

52.78 

,5.8 “ 


2 o.;io 

8.6 " 


17.22 

3 1 “ 

;i8.95 

51..33 

5.9 “ 


25.81 

8.7 “ 


17.01 

3.2 “ 

37.42 

40.01 

0.0 “ 


25.34 

8.8 “ 


16.82 

3.3 •' 

35.08 

48.55 

0.1 " 


24.88 

8.9 " 


16.63 

3.4 " 

34.00 

47.24 

0.2 “ 


24.44 

9.0 '• 


16.45 

3.5 “ 

33.53 

45.97 

0.3 '■ 


24.01 





^Tablc n in I<>onntiiiri* Hection of Manual of American Rmlwoy Engincerinn Asooriation. 

,85x175-149 pounds; diameter piston=*22 inches; strokes=28 
indies;'^<liametcr of driver*=57 inches. Tlien the tractive force 
= ,‘15,425 pounds, which is less than 1 per cent in excess of the other 
values. This rule is more simple as a method of obtaining merely 
the maximum tractive power at slow velocities, but the previous 
method, although longer, is preferable, since it computes the critiad 
velocity A/, and also the tractive force at higher velocities. 

191. Tractive Force at Hi^er Velocities. At higher vdocities 
than Mt ^e cylinder power falb off ijuite laFodiy, since thevStoaai 
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is tut off at part stroke and is used expansively. The proper per 
dbnt of cut-off and the number of pounds of steam per i.h.p. are shown 
in Table XXI. In Table XXI is given the per cent of cylinder tractive 
power for multiples of 3/. The table shows, for example, that, for 
simple engines, the cylinder tractive power is 69.37 per cent of its value 
for full stroke when the veUnity is 23/ and that when the velocity 
is increased to 53f the tractive power is reduct'd to 31.11 per wnt. 
Applying this to the above numerical problem, when M =6.0S7 m.p.h., 
the cylinder tractiv'e power is reduced to 31.11 per cent of 35,174, or 
10,943 pounds, but, since the velocity is five times as great, the 
horsepower develoix'd is 31.11 per cent X 5=^1..55 times as great. 
It should be noted that Table XXIII shows a slight excess tractive 
power (6 per cent when starting) for the simi)lc engine*. Tliis is due 
to the fact that with very low velocities the cylinder pressure more 
nearly equals the full boiler pressure and there is not the usual 
reduertion of about 15 jx'r cent. Also, compcuiud Icx’oinotives 
are ojx'rated with all the cylinders using full-pressure steam, which 
increases their effectiveness at starting about 35 jx'r cent, although 
at some loss in economy of steam due to compounding. But 
since the starting resistam*e.s arc .so much greater , than the rc'si.st- 
ances above 5 miles per hour, the extra* assistance Ls very tirnedy. 

192. Further Power Calculations. lUmfroUce Kxample. Con¬ 
tinuing the investigation of the Mika lo locomotive (sec article 
190), draw a curve representing its cyhruler tractive power for all 


>KLOCITy I CyUNDl.lt TBArTlVK P<iWl:R 




0.0 

0 000 

106.00 

1.0 

6.087 

100.00 

1.2 

7.304 

91.53 

1.5 

9.131 

81.37 

2.0 

12.174 

69.37 

3.0 

19.261 

52.78 

4.0 

24.348 

40.10 

5.0 

30.435 

31.11 

6.0 

36..522 

25.34 



I.O> 4IM(ITIVIS 
ltr:Kit«T\v( K 
(pound*; 

Uraw-Bah 

P<M.L 

(twiund*) 

37,28't 

1762 

35,322 

32,174 

1771 

33,403 

32,19.'} 

1775 

30,420 

28,621 

1783 

26,838 

24,400 

1799 

22,601 

lS,5t}5 

18.54 

16,711 

14.^5 

1910 

12,195 

10,943 

1993 

8,950 

8,913 

2096 

6,828 


velocities from 0 to 35 miles per hour. From the numerical example 
worked out in article 190, we found that the cylinder tractive power 
for if v^odty (6.087 m.p.fai) was35,]74 pounds. From Table XXIII, 
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the pwwer at starting is 106 per cent of this, or 37,284 pouiids, 
and the change in power is assumed to vary uniformly in that rang4. 
By multiplying 35,174 by the various parentages for the various 
multiples of M, we have the tractive power at the several velodti^. 
These values are plotted in Fig. 160. From Table XXII we find that 
tlie locomotive resistance is 1762 pounds for the A and B resistance 
at all velocities and that the C resistance varies from about 9 pounds 
at M velocity (6.087 m.p.h.) to about 333 pounds at 6 if velocity. 
Subtracting these resistances from the computed values of cylinder 
tractive power, W'e have the “draw-bar pull” for the various veloc¬ 
ities, all as 3ho%\Ti in the tabular form. These several values for 
cylinder power and of draw-bar pull are plotted for the correspond- 

■ 40,000 

30.000 


Z0,000 


10,000 


Fig. UN). Tractive Power of Mikado Ixiconiotivo at Varying Vekxatioa 

iiig velocities in Fig. 160, giving the two curves as shown. The 
rapid decrea.se in possible draw-bar pull for increase in velodty 
is well shown. But the student should carefully note that this 
cur\ e represents the limitatim of draw-bar pull and not the actuod, 
which may be considerably less and which is measured by the 
resistance. 

193. Relation of Boiler Power to Tractive Power. The 
power at high velocities* depends on the rapid production of steam, 
as has bc'en shown, and this depends on the area of the fue box. 
AM of the older styles of locomotives have fire boxes limited to the 
width which can be properly placed between the drt^’ers. The 
Wootten ^ box was placed over the drivers, which made Hinoooir 
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Cylinders, diiun.X stroke 

Boiler pressure 

Fire box, length X width 

Grate ar^ square feet 

Heating sunaco, sq. ft., fire box and tubes 

Driving wheels, diameter, inches 

W^ht on driving wheeh^ pounds 

Weight of engine alone, pounds 

Weigbt of engine and tender, pounds 

Assumed B.t.u. in coal used, 4000 lb. per hr. 

Coal per sq. ft. of heating surfarc ptT hour 

Pounds sttuun per pound coal (Tal>le XIX) 

Pounds steam per hour (multiply by 4000) j 

Pounds steam per stroke ^Tablo XX ) I 

Pounds steam per revolution (multiply by 4) 

Revolutions pt?r hour, at Af velocity 

Revidutions per minute, at Af velocity 

Circumference of drivers, linear feet 

Velocity (e), feet per minute, Af velocity 

Vdoeity (V), miles per hour, Af velocity 

Ilorsenower at Af velocity (Table XXI) 

Cylinder tractive power, pounds, at M velocity 


Moat'L 


Piuiiua 


30in.X20in. 
200 fiounds 
108 in. X33 in. 
24.70 
1952.00 
51.00 
137,300.00 
154,000.00 
2.54,000.00 
12,0(M).00 
2.05 
4.16 
16,640.00 
2.230 
8.920 
1865.50 
31. Ot) 
13.35 
415.a5 
4.716 
434.40 
31,400.00 


20 in.X24 in. 
200‘pounds 
74in.xe6in. 
84.000 
2135.000 
51.000 
122,100.000 

153,300.000 

253,000.000 

12 , 000.000 

1.873 

4.390 

17,560.000 

2.068 

8.232 

2133.500 

35.560 

13.350 

474.730 

5.394 

458.400 

31,865.000 


veniently high, .unless the drivers were objectionably smaH. Then 
the plan was devised of placing the fire box over a low pair of trailing 
wheels and behind the rear pair of drivers. This plan made it 
possible to double the net width of the fire box. In order to get 
essential fire-box area in the older styles of lowmotives, it is neces¬ 
sary to lengthen the fire box until it i.'. difficult for the fireman to 
reach and properly clean and tend tlio fire at the forward end. 
But by doubling the width, the fire box may be made as large as 
dedred and even shorter than some of the older <lesigns. The 


MoLTiPUsa 

MoOVL IjO<‘->M(mVK 

Pkaibik Locomotivb 

or M 

Velocity 
(m.p.h; 

C*ylind«f Tractive 
Power 

Vel<M‘i(y 

(m.p.h.) 

(blinder TfMtlvw 
Power 

0.0 


33,284 

0.000 

33,778 

1.0 

4.716 

31,400 

5.394 

31,865 

29,166 

1.2 

5.659 

28,740 

25,550 

6.473 

1.5 


8.091 

25,929 

9.0 

9.432 

21,782 

10.788 

22,105 

3.0 

14.148 

16,573 

16.182 

16,818 

4.0 

18.864 

12,591 

21.576 

. 12,778 

5.0 

23.580 

9,760 

26.970 

9,013 

16.0 

7.0 

. . 

28.296 

33.012 

7,957 

6,713 

32.364 

3.075 

A 


m 




















2f54 


RAILROAD ENGINEERING 


iiu'reu.sed fire>l>ox area justifies a greater heating surface and results 
in a greater production of steam per pound of coal and a more 
rapid production of steam, and henc« greater power. The value of this 
change is best shown by a comparison of tw'o locomotives which 
are very similar in many respects except those due to the difference 
in fire boxes, etc. The two locomotives are a *‘Mogul” (2-6-0) 
and a “Prairie” (2-6-2). The several characteristics, some of 
wliif-h ai»j computed as in article 192, are best shown by tabulating 
them. (See top of p. 266.) 

Know'ing the cylinder tractive power at M velocity (Jl/ being 
somewhat different for the two locomotives), we can determine the 



* Fik. UU . Compurutive Cylinder Tractiv« Power o( Pndrir and Mogul Types of Locomotive 


cylinder tractive power for various multiples of ilf , by means trf 
Table XXIII, by the method already given in detail. The results 
are tabulated at bottom of p. 263 and are plotted in Pig. I61, 

The student should note that the two locomotives are of alim>st 
the same weight, have the same driving-wheel diameter, same 
cylind# diameter, same boiler pressure, and are compared on the 
basis of using the same quality of coal. The Mogul has 15,200 
pounds extra on the drivers, which should apparently give it advan¬ 
tage, but Pig. 161 shows that, even at the start, the Mogul has 
slightly less tractive power. But the Prairie fire box is wider, 
dthough Shorter, ^and has 38 per cent more area. This pennits 
more rapid production of stejsm. By scaling the serficol intervals 
between two curves at points, it is found that for any vdoc- 
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ities between 5.5 and 25 nules per hour the Prairie lias about 2000 
^pounds more cylinder tractive power. Of course, the comparison 
should be made on the basis of their relative draw*bar pulls, which 
iX'ould be obtained by subtracting the engine resastances, as given 
in Table XXII. But this shows that the engine resistanc’o of the 
Mogul is greater than that of the Prairie, which leaves an even 
greater difference in favor of the Prairie. 

,The trailing wheels under the fire Ik>x also serve th|? purpose 
of guiding the driving wdieels around cur\c‘s wdien the locomotive 
is running backward and in this rcsptu't aec*omplish wdiat the pilot 
tnick does for forw'ard running. 

The comparative pow’er of these tw’o lcM*onn)lives may be shown 
by a numerical example. Assume that a train of 1(> coal cars, 
each w’eighing when fully Ipaded 70 tons, and a caboose weighing 
15 tons, is being hauled up a O.J{-ptT-<'ent gratle at a uniform velocity 
of almut 20 miles per hour. The resistaiuv, by equation (lOS), is 

/? = 2.2 X (1G X 70+15) +121.6 X17 - 4505 lb. 


The grade resi.stance of the cars is 20X0.5X1155«C.S10 |Miund.s. 
It is assumed that all curve resistance is eliminated by a sufficient 
reduction of grade where it occurs so that it may be included with 
the grade resistance. The velocity laang assumed uniform, there 
is no requirement for energy for acc<*h'ration. I'he total car resist¬ 
ance is therefore 11,575 pimnds. The engine resi.stance is a function 
of the vekK'ity, but considering that the elciiient depending cm 
velocity is relatively small, we will consider it at its average value 
for 20 miles per hour. The resistances may be (Computed as 1870 
and 1532 for the Mogul and Prairie engines, respectively, which 
gives 13,251 and 12,907 pound.s, re.speetively, for the total demands 
-pn cylinder tractive power. These resistances, being practically 
independent of velocity, are horizontal lines and are drawn as shown 
in Fig. 161. This indicates that the limit of velocity of the Mogul 
locomotive writh that train on a 0.3-per-cent grade is less than 18 
miles per hour, while the Prairie engine could haul the train at 
over 21 miles per hour. This gain of 3 miles per hour would have 
considerable value in the economy of train operation. Or, it may 
be shown that the Prairie engine could'haul 19 loaded cars (an 
increase over IS per cent in revenue load) and a caboose, and 
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could haul them on the 0.3-per-cent grade at a velocity of 18 miles 
per hour, the limiting velocity for the Mogul. ' 

The student should remember that, as before intimated, there 
fire several elements of uncertainty (such as the strength and ability 
of the fireman, and the condition of the track) which might modify 
the above figures and make them unreliable as a precise measure 
of the real power of either locomotive, but, on the basis of average 
condition^ the figures are a measure of the comparative valup of 
the two locomotives. 

194. Effect of Grade on Tractive Power. The effect of 
grade on tractive pow'er is best showTi by some numerical 
computations whose results arc plotted in Fig. 162. The cylinder 
tractive pow'er w'us computed for three engines of greatly different 
total weight and power, but w'hieh had driving-axle loads nearly 
identical (about 50,750 pounds) and therefore, by the rule given 
in article 188, could all be oiHrrated on the same kind of track. 
ITsing the Baldwin Locomotive Works rule, as given in article 188, 
iX50,750-?-300 = 84.5, which means that the rails .should w’cigh 
at least 85 pounds per yard. IMaking computations for these 
locomotives, using 12,000 B.t.u. coal, similar to tho.se already 
detailed in articles 190 to 193, it was found that, on a level, the 
cylinder tractive powers of the Pacific, ^likado, and Mallet loco¬ 
motives were 29,718, 33,575, 49,095 pounds, res|)ectively, w'hen 
the velocity was uniformly 10 m.p.h. and the locomotives each 
burned 4000 pounds of coal per hour. The several engine 
resistances at 10 m.p.h. are easily computed from Table XXII and are 
tabulated below. The net values, or the draw-bar pulls, are plotted 


EnOINV rKARArrKniMTK'H 

(At velocity V .«10 m p.h ) 

I’Anric 

4-e-2 

(lb.) 

Mikado 

a-s-a 

(lb.) 

Maixct 

2 ’ S''S a 
Ob.) 

' ' ' 1 

Cylmdor ^active power on level 

Engine rebalance on level 

Draw-bar pull on level 

Draw-bar pull on 3-per-cent grade 

29,718 

2,205 

27,513 

15,213 

33,575 

2,648 

30,927 

18,207 

49,095 

4,864 

44,231 

25,631 


on the left-hand vertical line of Fig. 162, and in each case are the 
left-hand ends of the solid lines which show the tractive powers 
of the locomotives. On a 3-per-cent grade the grade redstanoes 
f(^ the locomotives equal 60 pounds per ton, and are 12,300,12,720, 
imd 18,600 pounds, respectiv^. This reduces the effective draww 
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bar pull approximately 40 per cent in each case. Since this reduo 
ti^ varies uniformly aith the grade, we may plot the three values, 
15,213, 18,207, and 25,631, on the 3 per cent vertical line and draw 
stri^ht lines which represent in each case the tractive power of 
the locomotive at 10 m.p.h. and on any grade within that range. 

Assume tndns of cars, all averaging 50 tons per car and varying 
from 10 cars weighing 500 tons to 50 cars weighing 2500 tons. The 
resistances at 10 m.p.h. on a level grade arC given by equation (105), 
and may be plotted on 
the left-hand vertical line 
of Fig. 162. Grade adds 
rasistance proportional to 
the grade. For example, 
on a 0.7-per-ccnt grade the 
grade resistance per tpn 
is 14 pounds and for 2500 
tons is 35,000 pounds. 

Adding this to 11,580, the 
tractive resistance, we 
have 46,580 which we plot 
on the 0.7 per cent ver¬ 
tical line. It is indicated 
by a small circle. Joining 
the two points gives the 
resistance line for 2500 
tons hauled at 10 m.p.h. 

The circles on the other 
lines indicate similar com¬ 
putations. The intersec¬ 
tions of these resistance 
lines with the lines of 
tractive power indicate the relative power of each locomotive. For 
example, the 1000-ton train can be hauled by the Pacific locomotive 
at 10 BLpJi. up a 0.96-per-cent grade, but ahlikadocandothe same 
on a l.l-poKient grade, while the Mallet can dor it on a 1.52-per- 
oent grade. 

All of these calcuialions were made on the basis of hunting 
4000 pOufi^ of coal ptf hour, whidi, as before stated, is the 
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practical limit of what an ordinary fireman can be expected ta db 
.for an extended run. ' ^ 

The description of the Mallet locomotivd (built by the Baldwin 
Ix)comotive Works) stated that its tractive pow'er is 91,(XK) pounds. 
A computation of its cylinder tractive power at M velocity, tuln|( 
12,(XX) B.t.u. coal, show’s it to be 95,389 pounds. Subtracting 
the engine resistance (4843 pounds) we w’ould have 90,546 pounds, 
which is a very fair check, especially as the Baldwin Locomotive 
Works method of calculation is different. 

195. Acceleration—Speed Curves. The fin^ required for 
an engine of given w'eight and power to haul a train of knowm weight 
and rt'sistance over a track with knowm grades and curvature is 
an important and necessary matter for an engineer to compute, 
since the saving in time has such a v alue as to justify constructive 
or operating changes which will reduce that time. Fig. 160 shows 
that the drj^w-bar pull is very much greater at very low velocities 
than at tho moderate speed of e^^en 15 m.p.h. In spite of the 
increased resistance at these low velocities the margin of powrer 
left for acceleration is also greater and the ‘^speed fcurve” is really 
'• curve and not a straight line. Its general form may be most 
easily developed by a numerical example, especially as each case 
has its owm special curve. 

• Illmfrathe Example, The Mikado loc-omotive, w'hose char> 
acterislics^lmvc already b€‘en investigated in article 190 et 9eq.t 
has draw’-bar pulls at various^ velocities as shown in the tabular 
form in article 192, to which frequent reference must be made in 
this demonstration. Assume that this locomotive starts from rest 
on a ().4>p€>r<c'ent upgrade, hauling a train of 14 cars, each weighing 
50 tons, and a cal)oose weighing 10 tons. Then the normal lewd 
tractive instance, by equation (105), equals 

* /f = (2.2 X 710)+(121.6X15) = 3386 lb. 

The grade resistance of the cars will be 20X0.4X710=5680 pounds. 
The extra starting resistance will be considered as 6 pounds per 
toil, or 4260 poipids. These three items total 13,326 pouxuls. 
The average draw’-bar putl of the locomotive at velocities between 
zero and M velocity, which is 6.087 m.p.h., is 34,362 pounds, but 
this must be diminished 411 this case by 20X0.4X157.5=1260 
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>^mipd» for grade and by 167.5 X6 * 945 pounds for starting resist’ 
leaving a net draw-bar pull of 32,157 pounds, excluding the 
ronce required for tlu^ acceleration of the locomotive. The net' 
Impce available for acceleration of both the locomotive and the 
tpun is 32,157—13,326*18,8:11 (Mmnds, or prorated, is 18,831-4- 
{167.5+740) *21.71 pounds per ton. Transposing equation (104), 
with Fi * 0, F» * 6.087, and P * 21.71 pounds, we have a * (37.05 —0) 
7()'i-21.71*119 feet, the distance required to attain a velocity 
■of 6 .OS 7 m.p.h. 

While the velocity is increasing from 1.0 M to 1.2 U, tlie mean 
draw-bar pull UP ^1,912 —1260 = 30,652 pounds, less the accelerative 
^resistance of the locomotive. Subtracting the tractive and grade 
resistances of the cars, we have 30,652—3:186 —5080 * 21,586 
pounds. Note that there *is no longer any starting resistance. 
The accelerative force in pounds per ton is 21,580-5-867.5 =-24.88. 
The distance s required to increase the velocity frt)m 6.087 m.p.h. 
to 7.304 m.p.h., is (53.35—37.05)70-5-21.88*46 feet. Shnilarly 
the distances required to increase the velocity from 1.2 Jtf to I 5 Jlf, 
from 1.53/ to ^ 3/, etc., are computed as in the act‘om]>.«oying 
tabular form, p. 270. 

The corresponding distances and velocities have been plotted 
in Fig. 103. The velocity of 10 m.p.h. is acquiretl in a little over 
300 feet, but it requires nearly 1000 feet to accpiire a velocity ^f 
15 m.p.h. and about 2400 feet to raise it to 20 m.p.h. The force, 
in pounds per ton, available for acteleration is maximum at low 
velocities, after the extra starting* resistance is overcome. As 
the margin per ton for acceleratiottl)ecomcs less and less, the greater 
Is the distance required to increase the velocity 1 mile per hour— 
especially through the last increments— up to the* velocity at wWch 
the net draw-bar pull exactly equals the total <'ar resistance and 
the velocity becomes uniform. There is an apprf)xi1bfttion in 
using average draw-bar pulls between the different velocities at 
whidi the draw-bar pull has been definitely computed, but the 
computed distances are practically c^orrect up to 43/ velocity 
or 24..35 m.p.h. But the computation for the distance required 
to increase the velocity from 4 3/ up to 4.58 M is far less accurate 
if ^ average draw-bar pull is used. The dSFective pull at 43/ 
vaiodty equals 12,196—1260*10,935, less the aocelemtive restst- 
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anipe of the locoinoti\’e. *1116 tractive and g^ude resistance of the 
jXiH at this vdodty is 3386+5680 *9066. This leaves 10,935— 
9066*1865 pounds available for acceleration of both locomotive 
and cars. The reduction in tractive force between 4Af velocity 
and 5M velodty (see article 192) is 12,195 —8950 * 3245 pounds. 
By proportionate interpolation vre would then say that the excess 
force available for acceleration would be exhausted at (1869-h3245) 
*.58 of the interval, or at a vehwity of 4.58 Jlf, or 27.88 m.p.h. 
The mean accelerative force is one-half of 1869, or 935 pounds, 
which is 1.077 pounds per ton of train. The fUstam^e, by an inver¬ 



sion of equation (104), is computed to Ik* 11,981 feet. Owing to 
the approximate equality of working force and re.sistanc*e and the 
momentary variations in both, the precise point where the accel¬ 
eration would cease and the velocity would actually become unifonn 
would be very uncertain. Fortunately the inaccuracy h of little or 
no practical importance and for the purposes of our calculation.s we 
may call this last interval 11,981 feet, assuming that the grade is as 
long as 17,234 feet or 3.2 miles. If the 0.4-per-cent grade continued 
indefimtely the train would travel at this unifonn velocity as long 
as the locomotive operated on the basis assumed for this problem. 
Note that Fig. 163 would have to be extended to nearly three times 
ita*piesent length before the time curve would reach and become 
tangent tq the 'line of uniform velocity”f^ 
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196. Retardation— 
Curves. When, on account 
grade resistance, the total of 
tractive and grade re^stance ie 
greater tlian the draw-bar pull, 
there is retardation. 

Illustraiive Example. Con¬ 
tinuing the numerical problem of 
article 195, assume that, while 
moving up the 0.4-per-cent grade 
at a velocity of 4.58 3/,. or 27.88 
m.p.h., the train reaches a grade 
of +1.2 per cent. The grade 
resistance of the cars will be 
20 X 1.2 X 710 a= 17,040 pounds. 
The tractive resistance will be 
.33S() pounds, as before, making 
a total of 20,420 pounds. Iiiter- 
IK)lating in the tabular form in 
article 192 for the draw-bar 
pull at 4.583/ velocity, we 
find 10,326; at 43/ it is 12,195, 
and the mean is 11,200; but 
from tliis miLst be subtracted 
20X1.2X157.5 = 3780 for grade 
resistance of the locomotive, 
leaving 7480 pounds for the 
net draw-bar pull. The re¬ 
tarding force is 20,426— 7480= 
12,940; or in pounds per ton 
of train, is 12,946 -r 867.5 = 
14.92. As before, u.sing an 
inveraon of equation (104), 
, « (777 - 593)70 4-14.92 = 863 
feet, the distance at whidi 
the velocity wouH reduce to 
4 3f. As beforti the othW 
quantities may be oms^ted 
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and recorded, with less danger of confusion and error, bjr tabu- 
Jating them, as given on p. 272. 

The mean velocity, when retarding from 4.58 M to 4.0 
reduced to feet per second, is as Iwfore 38.33 feet per second, and 
dividing this into the distance, 803 feet, gives 23, the time in seconds. 
The quantities for the reduction in velocity from 4 to 3 M and 
from 3M to 2 3/ are computed similarly. The level draw-bar 
pull (or 1.5 M is 26,838 (see article 192) and by subtracting 3780, 
we get 23,058 p{)unds tlie actual net pull on the grade. Similarly, 
the actual pull at 2 3/ is 18,821 pounds. The increase from 18,821 


to 20,426 is P‘‘** interval from 18,821 to 23,058 


and 38 per centX.5 = .19; therefore, the actual draw-bar pull just 
equals the resistance at 2.0—.19 = 1.81 M, or 11.01 in.p.h. The excess 
draw-bar pull at 2.0 3/ = 23,058 — 20,426 = 2032 pounds. At 1.81 M 
the excess is zero and therefore the mean excess is one-half of 
2632, or 1316. Dividing this by 867.5, wc have 1.517, which is 
the value of P in equation (104). Then 


s = (148.2 -121.2)70 -i-1.517 = 1246 ft. 


Velocities in miles ikt hour can be readily converted into 
velocities in feet per second by multiplying by 1.4()()7. Averaging 
the two velocities at the beginning and the end of each |M»riod gives 
the mean velocity; and divi{ling each of thesti into the distance for 
that period gives the time in seconds. 

197. Drifting. The tractive rcsistanc*e of the ears of the 
problem just w'orked out is 3386'pourids; the locomotive resistance 
at 20 m.p.h. is 1862 pounds, or a total of 5248 pounds. Variation 
in velocity vill affect this but little. I)i\nding by 867.5, the total 
weight in tons, we have 6.05 pounds, the resistance per ton. from 
which the equivalent rate of grade is 6.05+ 20=.302 per cent. 
This means practically that when this train is running down a 
grade which is over .302 per cent it will run by gravity and steam 
may be shut off. If the grade is much greater than .302 per cent 
the acceleration on the downgrade may become so great, if the 
grade is very long, that the velocity may become objectionably high. 

HhutraHve Example. Assume that the limiting safe velocity 
for trains, comdderhig the condition of track and rolling 
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stock, is 40 m.p.h.; assume that the train we have been cdn- 
sidering reaches a 0.4-per-cent downgrade at a velocity of 15 m.p.h.* 
Ilow far down the grade will it run with steam shut off, before 
the speed reaches 40 m.p.h..and brakes must be applied? There 
is no question here of variable tractive power since the only motive 
I)owor is gravity. The resistance is nearly independent of velocity 
and we will here assume it to be so and utilize Table XVII. At 15 
m.p.h. the train has a velocity head of 7.90 feet. At 40 ra.p.h. 
the velocity hc'ad is 50.19 feet. The train can therefore drop down 
the grade a vertical height of 56.19 — 7.90 = 48.29 feet before the 
velocity reaches 40 m.p.h. On a 0.4-per-<‘ent grade the distance 
required for .such a fall is 48.29 H-.004 = 12,072 feet. The problem 
in article 19.5 assumed that the 0.4-per-c‘ent grade is 1*7,234 feet or 
more, and this shows what will happen to the trains moving in 
the opposite direction. 

lJut it must not be thought that there is no loss of energy 
during drifting. Even though no steam is used in the cylinders, 
some is frequently wasted at tlic safety vahe and more is used 
in operating brakes and in maintaining the brake air reservoir 
at full pressure. But the greatest loss of heat is that due to radia¬ 
tion, espeeiallj in w’inter, in spite of all the jacketing devices to 
retain heat. Although the results of the numerous tests w*hieh 
have l)ecu made are quite variable, the following approximate 
averages may be used: the loss due to radiation while standing 
may be figured as 120 pounds of coal per hour per 1000 square 
feet of heating surface; W'hile drifting the loss will increase to 220 
pounds per hour. The amount of coal used for firing up will be 
about 510. This is based on the use of 12,000 B.t.u. coal. The 
better the coal, the less will be used. 

lUtiairaiipe Examj^€, The Miloulo locomotive we have been 
considering has 2565 square feet of heating surface. It will then 
require about 2.565 X510 = 1308 pounds of coal to fire up. While 
drifrittg down the grade, referred to above, a distance of 12,072 
feet, tlie average velpdty is 1(15+40)=27.5 m.p.h.=40.3 ft. 
per sec. and the required time is 12,072-$'^.3 =300 seconds=5 
minut^= .083 hour. The coal used while drifting down this short 
run would be 

220X2.565X.083=47 lb. 
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At this point brakes would need to be applied and Uie time 
^Knt in drifting beyond this point must be comput^ as an item 
in the total time spent on the run and also to compute tlie total 
amount of coal consumed while drifting. Although this item of 
47 pounds is relatively very small, its method of computation is 
typical of the computation of the several items to make up the 
total of coal consumed during a trip. 

I9& Review of Computed Power of One Locomotive. It 
was assumed that it started on a +0.4-per-ccnt grade with a load 
of 16 cars weighing 710 tons. After moving 17,234 fwt (assuming 
that the grade was that long) and doing it in 535 seronds, or 8 inin> 
utes 55 seconds, the train acquired a velocity of 27.88 in.p.h. and the 
power of the locomotive would then l)e sufficient, when burning 4(MX) 
pounds of coal ixjr hour, to kwp it moving up such a grade indefinitely 
at that velocity. In case the grade were not as long as 17,234 
feet, it would be nect^ssary to comi>ute the velocity where the rate 
* of grade changed and make that the basis for the computation on 
the succeeding grade. But, assuming that the grade were as long 
as 17,234 feet, or more, and that the velocity of 27.88 m.p.h. hod 
been acquired, and that the train liad run at that speed for some 
distance—although this does not mcwlify the problem—the train 
is assumed to reach a still ste<*per grade, -f 1.2 per cent. The velocity 
then begins to decrease and in a total di ;iaiK*e of (>406 feet and a 
total time of 295 seconds, or 4 minutes 55 seconds, the velocity is 
reduced to 11.01 m.p.h. at which velocity the locomotive is able 
to make steam fast'enough to ovmttme the higher resistance on 
the steeper grade. From that point on, assuming that the 1.2-|)ei'- 
cent grade is longer than G406 feet, the train would continue for the 
remaining length of tliat grade at the velocity of 11.01 m.p.h. 

As before stated, precision in the above results dejxjnds on 
many faetom (such as B.t.u. of coal used, or the actual consumption 
in pounds per hour) which are somewhat variable. Sometimes 
the variation of these factors from the values us^ above is known; 
sometinteSi it is unknown and then the accuracy of the results Is 
ooire^Miidingly uncertain. But whether accurately known or 
not» when tfaia method is used, employing the best values for the 
factQiB wlddi are obtainable, the method shows a valuable com- 
of %w0 propoeed alinemrats or ^ades. In such a oom- 
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parisjoti, any error in the factors will affect both results nearly, if 
not equally, and the comparative results wiU still be substantiaUy 
correcrt. 

199. Selection of Route. The preceding articles ma>^ be 
utilized in aunparing two routes. If one of the lines is already 
in operation, tlie engineer has the great advantage of being able 
to determine by test exactly what results may be obtained on that 
line and what factors should be used in computations. It; is then 
only necessary to compute the quantities for the proposed new line. 
When birth lines are “on pniwr” there is less certainty as t(» the 
accuracy of the results, except that the line which is shown to be 
most advantageous will probably continue to be most advantageous 
even if tlie uncertain factors used in the comparison are somewhat 
changed. I'smg the methods outlined in articles 195 to 197, there 
will be computed the behavior of an assumed tyjn* of locomotive, 
hauling one or mi)re types of train load, and passing over tracks 
having ilelinite grades and lengths. The effect of curves may be 
disreganled provided that the grades were pro|.)erly c*ompensated 
during tiriginal c*onstruction, and then the rate of grade for the 
entire length <*f straight and eurvc*d track may be taken as the rate 
on the straight track. If the rate of grade is actually uniform, 
even through the curves, then the lengths of curves! track must 
. be computed separately and on the basis of a rale of grade equal 
to the wtual rate plus an allowsiuce of .035 p<?r cent for each degree 
of curve. The behavior of a train from starting to stopping must 
Iw computed, making due allow’ance for each change in condition 
which will affect the hauling power of the locomotive. The loco¬ 
motive is assumed to be working at the limit of its steanung capacity, 
except when drifting with steam shut off on a downgrade, or when 
brakes are applied, either to prevent objectionably Wgh velocity 
on^ downgrade or to make a stop. The action of brakes durii^ 
a ser\'ice stop (as distinguished from an emergency stop) may be 
considered as a retarding force varjdng from 10 per cent to 20 per 
(•ent of the train weight. Unfortunately biAe action is so variable, 
being directly under the <x>ntrol of the locomotive engineer and 
varying from zero to the full braking power, that any computation 
of energy used in operating them or of the effect of the brakes is 
impracticable except the basis of arbitrary assumptioiia such 
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as tbe requirement that tlie brakes are used in such a way that a 
tgiin will be retarded at a specified rate. The performance of the 
locomotive over the entire division, the total time required, its 
velocity in critical places, etc., can be computed. In articles 195 
and 196 it was shown that the locomotive considered could haul 
the pardcular train considered up a 0.4-peiM7eiit n^ade at a velocity 
of 27.88 m.p.h. and maintain such spewed indefinitely; also that it 
could haul the same train up a 1.2-per-cent grade at 11.01 m.p.h. 
and maintain its velocity indefinitely. This of C'ourse means that 
a much heavier train could be hauUni up the 0.4-iwr-cent grade 
and that a somewhat heavier train could be hauled up the 1.2-per- 
cent gr/ide without being stalled, although the velocities in each 
case would be reduced. There are an infinite number of combina¬ 
tions but there arc usually some consitlerution.s which narrow the 
<*hoi<?e. Even after construction is complete these tables may 
Ix! utilized in-a study of the most economical (‘ombination of type 
of locomotive aiui amount of train load for the track c'onditions 
as they may exist. 


PUSHER GRADES 

. 200. General Principles of Economy. It fnniuently happens 
that the natural line of a n>ad in(iudcs a few grades whi(‘h are con¬ 
siderably higher than all other grades. These higher grades may 
be practically hopeless, Iwcaustj a inateri.d n'fluction in them would 
co.st mure than it is worth, or more than the general financial con¬ 
dition of the road can afford. A common error is to consider such 
a grade as the ruling grade and then recklessly ixirniit, at any other 
place on the road, the adoption of any grade less than this on the 
ground that it could never limit the ©[wration of trains. But 
in such cases, it may be easily practicable to opt;rate* the higher 
grades with a pusher engine and cut down ail lesser grades to such 
a rate qf grade that the ^‘through’* engine can haul as many cars 
on them-as two engines can haul on a pusher grade. The economy 
underlying the method may be seen by a simple illustration which 
is freed from all details. 

Aaaume that on a divition 100 miles long there are two grades 
of 5 miles each on which pusher engines are to be used; assume 
that the grades on the other 90 miles are so low that one engine 
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may haul as many cars on them as two engines can haul on the 
pusher grades; then hy using pusher engines the w'eight of all heavy 
trains may be doubled and the heavy freight may be handled in 
half as many trains. But this economy is effected at tlie (tost 
of operating the pusher engines. Using single engines for the 
whole trip, it will require 2(X) engine-miles to haul a double load. 
But a single engine can haul the double load over 90 miles of the 
run, and the same engine with one pusher can haul it up thq heavy 
grades. Each pusher engine will travel 10 miles on each grade, 
or 20 miles for the two, and the total number of engine-miles for 
a* double load will be 120, instead of 200. And when it is con¬ 
sidered that the cost of a pusher engine-mile is far less tlian that 
of an ordinary train-mile, as will be shown, the advantages of 
the method are still more marked. 

Of course the full economy of the method is only realized 
when the maximum through grade bears its proper relation to the 
pusher grade. If the maximum through grade is greater than its 
proper corresponding value for the pusher grade, then the number 
of cars is limited by that through grade and the power of the pusher 
engine is not completely utilized on the pusher grade. Economy 
of o{)eration requires that an engine should work nearly to the limit 
of its capacity for as large a portion of the time as possible, and 
thertdore when a heavy engine is compelled to haul a light train 
over nine-tenths of the route in order that there shall be sufficient 
power on the other tenth, where alone it is needed, it indicates 
a lack of economy in the design. It now becomes necessary to 
develop the proper relation between through and pusher grades. 

201. Balance of Grades for Pusher Service. JUvatralite 
Example. This vill be easiest understood by a numerical problem. 
Suppq^ that at two or three places on the line it seems impracticabte 
to obtain at a reasonable expense a grade less than 2.10 per cent 
(nearly 111 feet per mile). But since it seems practicable to make 
a very much lower grade elsewhere, we will compute the corre¬ 
sponding through grade as the grade to work for. Assume that 
the through and pusher enpnes are alike and that, for simplicity 
in calcidation, they are of the Mikado type*and of the particular 
dimensions whose cdiarfuateristics have already bemi devek^ied 
in art^e 190 ef aeq. Tim draw-bar |mtt at M veltKsily (6X187 
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is 33,403 pounds. But on a 2.10-per-cent grade this must 
be diminished by 20X2.10X 157.5 »6015 pounds, the grade resist¬ 
ance. Two such engines on the 2.10-per-cent grade would have 
a total net draw-bar pull of 53,576 pounds. Assume tliat the trains 
to be hauled are made up entirely of coal cars, fully loaded to 100,000 
pounds, and weighing 40,000 pounds, and also a caboose wciglung 
12 tons. On the basis of equation (105), the tra<'tive resistance of 
each coal car is 275.6 pounds and that of the caboose 148 pounds. 
On*the 2.10-per-cent grade the total resistance would be 3215.0 
pounds for each coal car and 652 pounds for tlie caboose. The 
net pull available for coal cars is 53,576 — 652 * 52,924 pounds, 
from which 52,924-^3215.6*10-1-, shoving that 16 loaded coal 
cars, besides the caboose, could be hank'd up the 2.10-per-cent grade 
by the two locomotives, and that there would be a considerable 
mar^n of tractive power. We must determine the rate of grade 
on w-hich one locomotiv'e, with a cylinder tractive power of 35,174 
pounds at M velocity (0.087 m.p.k.), can haul a load of 157.5 tons 
(engine) plus 16X70, or 1120 tons (coal cars) plus 12 tons (cab<H)'4e), 
or a total of 1289.5 tons. The tractive resistance of the locomotive 
(see article 190) is 1771 pounds; for the cars it is 275.6Xl6-f 148* 
4558 pounds, or a total for the whole train of 6329 {K>imds. The 
force available for grade is 35,174 — 6329 = 28,845 pounds, and 
28,845-f-1289.5 = 22.4 pounds per ton, wl ’<*h is the grade resistance' 
on a 1.12-per-cent grade. The net result of the above calculation is 
that the proposed road may be constructed with 2.10-|XT-cent gratles 

as pusher grades, provided that the ruling grade for single engines 

^ * 

is kept as low as 1.12 per cent. 

Sometimes, though rarely, two pusher engines, and even three, 
may be used on a pu.sher grade. This might be found desirable 
on basb of a combination of grades on each of which the re.sist- 
ance is such that one uniform train load can be handled with the 
same fadlity by one engine (or tw'o, or three, or even four). Although 
the calculations are more complex, they are worked on precisely 
the same principles as those used above. 

302. Operation of Pusher Engines. Economy in pusher- 
cni^ work demands riiat the sc'hcdule of trains be so arranged 

£he puriier engine can be kept constantly at work. If there 
wtp aeveral^short pusher grades separated by several miles of level 


an 
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track, it means either that a pusher engine must be assign^ to 
each grade, where there may not be enough work to keep it busj% 
and therefore its daily cost divided by its engine-mileage is abnor¬ 
mally large, or else it must travel uselessly over some intervening 
stretches of level track in order to be at hand when wanted. Even 
the time table of the trains must be arranged with reference to the 
pusher serv'ice so that there will not be an accumulation of traffic 
at the pusher grades at certain hours, with notliing to do at other 
times. The locating engineer has no concern with the operation 
of trains, but be should bunch the pusher grades if iwssible, even 
{l}xm(ling a little additional money for it if necessary. 

On very light-traffic roads, where the trains are so few that 
the method does not interfere with the schedule, a pusher grade 
may be ojierated by a single engine, by taking half of the train up 
first, leaving it t)n a switch, aiul then returning after the other 
half. This means slow time (which a very poor road can afford); 
it means a saving of the cost of the extra engine, and also tlie com¬ 
paratively <'ostly maintenance of it if the total amount of pusher 
work is very light. Such a road is probably not blessed with an 
'ex<TSs of traffic except during a small part of the year, and the 
cost and maintenance of a useless pusher for a large part of the 
year is thert*by saved. But it should be noted that even if it is 
expected to follow this jx>licy, it docs not make the slightest dif¬ 
ference in the design of the pusher grades or in the ratio of through 
to ])usher grades. 

.^nother jMissible method of economizing on pusher service, 
especially on light-traffic roads, where a pusher grade begins or 
ends near a station yard which is so large that a switching engine 
is necessary for at least part of the day, is to combine the switch¬ 
ing arid pusher work. A little ingenuity in planning the schedule 
will thus enable the pusher engine to utilize its whole time in useful 
work. 

203. Length of Pusher Grade. The true length which must 
be considered in the following calculations is always somewhat 
in excess of the length of the actual grade as measured on the profile. 
Although it is sometimes possible, by having the pusher engine 
approad) the train fronviMhind, to accomplish its work without 
stupp^g the train either at the top or bottom of the grade, yet 
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this requires an extra length of track and considerable extra 
iq^eage on the part of the pusher engine. For passenger service 
the assistant engine is always placed in front, and although it !'s 
practicable to uncouple‘the assistant engine at the top of the grade, 
run it ahead at increased speed, run it on a aiding and again clear 
the main track without stopping the train, it is usually necessary 
to stop the train at the bottom to couple on. Increased mileage 
is nec*e§sary for this. The stoppage and restarting of a heavy 
train uses up as much energy as would carry the train several miles 
on a level trac-k and thert'fore an increa.sc*d run by the pusher engine 
is justihable if it will save stopping tlie train. A siding at or near 
the bottom and top of the grade (and also a telegraph office) is 
a convenience and almost a ne<*essity for the qui(‘k and safe o^iera- 
tion of pusher grades, and while they must be <*h‘ar of the grade it 
is sometimes more convenient to remove them stnne distaiKHi from 
the ends of the grade. Each case is a separate jiroblem, but the 
length to be used in the following calculations must always lie the 
actual run of the pusher engine, which will be somewhat in excess 
of the actual length of the pusher grade as show'n on the pr**iile. 

204. Cost of Pusher-Engine Service. I'he cost deix'iuls 
partly on the work done by the engine and partly on mere time. 
The w’ages of the enginemen must be paid on a •jx’r diem basis rather 
than on a mileage basis, and if the engine (^>es not run many revenue 
miles, the cost for the miles it does run )s in<Teast*d. In view of 
the fact that the damage to roadway and trac'k by a locomotive 
has been estimated to be 2 to 4 times that due to an equal weight 
of cars, it is evidently api>roximiftcly true that pusher engines, 
which are usually of the hea\y-freight type, should be cliarged 
about the same as the average charge for all trains, for all 
the items of maintenance of way. According to Table XVI, this 
should be about 18 per cent of the average cost of a train-mile. 
Adding the full percentage for engine repairs, fuel, water, iubncant.H 
and supplies, signaling and telegraph, but excluding enginemen’s 
wages, we have, according to the figures for 1912, a total of about 
4j0 per cent of the average, cost of a train-nule. To this must be 
added the full per diem charge for wages of ei^nemen and firemen. 
In 1912, this averaged for the whole United States $5 per day for 
Migineni^ and 13.92 for firemen, but considering that thc^ has 
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been an almost umform increase in these figures from $3.84 and 
$2.20, resf)ec*tively, .since 1902, their values durii^ the next few years 
arc problematical and must be determined for each individual 
case. There mu.st also be added a charge for the capital co* of 
the engine. Since the cost of repairs and maintenance has already 
Insen included, the initial cost divided by the estimated number 
of miles in its total mileage life gives a charge per mile which covers 
the capital cost. If such an engine costs $20,000 and its milj^age life 
is 800,0(M) miles, the capital cost per mile is 2.5 cents. But since 
the pusher engine must run 2 miles for each mile of pusher grade, 
we must multiply the abow computed mileage charge by 2 for each 
mile of pusher grade. 

llluaiTative Example. A locating engineer may find himself 
compelled to choose Ixitween two iK)licies, which may be illustrated 
as follows: Resuming the numerical case of article 201, assume 
that the engineer finds that he can concentrate grading expenditures 
on certain parts of the line and make a through grade nith a max> 
irniim of 1.5 iH*r cent, or he can concentrate on other parts of the 
line and cut down all single-engine grades to 1.12 per cent, lea\ing 
two grades of 2.1 per cent whose effective pusher-grade lengths 
(see article 20.‘1) are 7 and 8 miles, respectively. Assume that the 
two methods may be constructed for about equal cost. Which 
is preferable? 

From the calculations of article 201, we find that the draw¬ 
bar pull at M \'elocity on a level is 33,403 pounds and on the 1.5- 
IHjr-cent grade it is 20X1.5X157.5 = 4725 pounds less, or 28,678 
pounds. The tractive and grade resistance of the caboose is 148+ 
(20x1.5X12) =508 pounds, and 28,678—508 = 28,170 is the force 
available for tlie coal cars. The resistance of each car is 276+ 
(20X1.5 X 70) = 2376 pounds, and 28,1702376=11.8, showing 
that"bne such locomotive would be hardly capable, unless by extra 
forcing, to haul even 12 cars up the ruling 1.5-per-cent grades. 
The calculatious of article ^1 show that the revenue train load 
for the combination of 1.12 per cent through grade and 2.1-per¬ 
cent pusher grade is 16"loaded coal cars., Of course the other kinds 
of traffic should also be considered; but if tlm passenger traffic 
were very light and theip were only a very few cars per tntin, R 
might piake no difference, beyond a ocnnpaiatively harmless reduc- 
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1ao|^ in velodty for a few minutes eadi and at a few points^ whether 
the grade is 1.5 per cent or 2.1 per cent. For simplicity we will 
^nfine the problem to a comparison of these grades on the basis 
oLtreins of loaded coal cars. Assume that the division is 100 nules 
long and that there is a traffic against these grades of 96 carloads 
of coal per day. For simplicity we ignore all traffic in the other 
direction. The effect of other details, for or against, must be 
computed separately and independently. With pusher-engine 
grades the traffic can be handled in 6 trains; on the 1.5 ))er cent 
through grades, it will require 8 trains (or 9). On the 7-mile pusher 
grade there will be 14 pusher-engine-miles per trip; on the other 
grade, 16. Then the two puslier engines must run 84 aiui 96 miles, 
respectively, per day. Suppose that the average cost of a train- 
mile on that road is $1.60 and that W'e estimate 40 per cent of it, 
or 64 cents, as the charge per pusher-engine-milc for maintenance 
of W’ay, engine repairs, fuel, etc. Suppose that the pusher engines 
cost $16,000 and that the mileage charge for capital cost is 2 cents. 
Assume for wages of enginemen, $5, and for firemen, $3. Then 
the daily charge for one engine is 

84 (0.64+0.02)+5.004-3.00-$63.44 
and for the other engine 

96 (0.64-|-0.02)+5.00'f3.00=$71.36 

It should be noted that only the chaiges for wages, retpairs, and 
supplies will be ""directly apparent. A considerable proportion 
of the above cost is that due to track maintenance, which is a proper 
charge but it may be forgotten. The proper mileage cost for through- 
freight trains, operated at the limit of their capacity, is evidently 
much greater than that of the average train. Assume that the 
cost of these through-freight trains has been computed as $2.20 
per mile for that road, as against $1.60 per mile for the average 
train. Then the comparative costs of the two systems would be: 

On 1.5 per cent through grade: On 1.12 per cent through grade, 2.1 

8 taraina at S2.20 par nule, fev per cent pusher grade: 

106 rnHes, per day.$1760 6 Uains at 62.20 per mile for 


100 miles, per day.61320 

1 pusher engine (84 miles). ^ 

1 pusher eng^ (06 mUee). 71 


$1760 


61454 
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If 9 trains, instead of H, were necessary to haul the traffic,,the 
advantage in favor of the pusher grade would be still greater. On 
the other hand, each of the 6 trains on the pusher>grade line is 
heavier than one of the 8 trains of the 1.5 per cent line and therefore 
we might ex[>cct greater injury to the track and that a greater 
charge for track maintenance or a larger total expense per train- 
mile would be charged. But, as before stated, tlie locomotive 
does the larger part of the damage and the addition of cars makes 
but little difference. The saving of $.306 per (layi or $95,7^8 for 
313 working days per year, is equivalent, if capitalized at 5 per cent, 
to a capital cx{)enditure of .$1,915,560. This sum, so far as it is 
accurate, represents the extra exjjenditure, if necessary, which 
w’ould be justihed to adopt the pusher-grade plan rather than the 
other. 


BALANCE OF GRADES FOR UNEQUAL TRAFFIC 

205. Fundamental Principles. The volumes or weights of 
the traffic in each of the two directions on any road are usually 
quite different and frequently that in one direction is 4 or 5 times 
that in the other. The numW of through engines passing over 
the road in each direction each day is necessarily equal, and, 
unless some engines run “light”, the nurnlier of trains must be 
the same. The number of passenger cars must be the same, and, 
in the long run, even the number of freight cars,piust be the same. 
But if the weight of the freight is ver>' largely greater in one direc¬ 
tion than in the other, the cars .’will run nearly or quite full in one 
direction and nearly or quite empty in the other direction. The 
lightly loaded trains will therefore weigh less, and, with the same 
tlirough engine, can surmount a steeper grade than the heavily 
loaded train. It therefore becomes justifiable introduce a slightly 
heavier grade against the lighter traffic, if economy of construction 
is thereby obtained. 

There are many roads which are not concerned with thb phase 
grade. When a branch line runs to some terminuf^in the 
mountains so that practically all of the heavy grades are ^ mie 
■direction and there are no opposing grades when ninning of 
the mountains (barring a Jew harmless sags), there is no liiaits^ 
tion of trains by grades except in the one direction, and ther<^ 

,m 
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no necessity or object in computing any balance. But the through* 
tftrunk lines, specially those running east and west, find that their 
east*bound traffic is 3 or 4 times their west-bound traffic. 

* As a single instance, from 1875 to 1880, the ratio of the east- 
bound ton-mileage to the west-bound on the Pennsylvania railroad 
was more than 4^5:1. The difference of elevation of the terminals 
has little or no importance in this case since it is so small com- 
pared«'nith the total length of the line, and since any possible effect 
which it might have had on the grade is utterly lost in the heavy 
grades in both directions when crossing the mountains. Admit¬ 
ting the justification of a variation in the ruling grade in opposite 
directions so as to produce a virtual equality in tractive effort, it 
now becomes necessary to compute the theoretical balance. 

206. Computation of Theoretical Balance. In spite of the 
very evident disparity in the weight of the freight traffic in the 
two directions, there are some equalizing factors, as will be shown: 

(1) The locomotive and i>assenger-car traffic in the two 
directions are equal. 

(2) The passenger traffic in the two dirt^ctions will be equal. 
There is a slight exception to this when a wacl handies a consider¬ 
able number of emigrants, but the effect of this is absolutely 
insignificant, especially in view of the further fact tliat the ratio of 
dead load to live load is very high with passenger traffic. Con¬ 
sidering that even 50 passengers in a (‘ar, assumed to weigh 350 
pounds apiece, would only weigh 7500 poumis wiiich is but one- 
sixth of the 45,000 pounds which the car probably weighs, even a 
considerable variation in passefiger traffic each way w^ould not 
affect the gross load materially. 

(3) Empty carajmve a greater resi.stance per ton than loaded 
cars. The different* may amount to aliout 4 pounds per ton. 
Therefore, although a train of loaded cars will require a greater 
gross tractive effort than an equal number of empty cars, the ratio 
wifl not be in proportion to, the gross tonnage. 

regulations on the part of 
the tjme department, many freight cars will run in the direction 
iff MR heaviest traffic either empty or but partly loaded. 

(5) In general it is the freight which has the greatest bulk 
such as grain, cmil, lumber, me, etc., which is 
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^ ^ ■* ^ ’ 
run from the rural districts toward the cities and manufacturii^ 

districts. % 

(0) The return traffic, which consists chiefly of manufaci^ired 
products, and which is worth as much as the other, wdghs but a 
small fraction of the other. 

JHustrative Example. As a simple numerical illustration, 
assume that it has been determined that on a given east-and*wcst 
line the cast-bound traffic is 3 times the we.st-bound traffic. Utiliz¬ 
ing .some of the data already worked out in article 201, a.s.sume 
that the ruling grade against east-l)ound traffic is 1.12 per cent, disre¬ 
garding the pusher grade, and that, as computed, the Mikado engine 
can haul 10 loaded cars (.*)() tons load, 20 tons tare) up this grade. This 
car loading may also apjjly to one type of l)ox car. The live load on 
one train (east-bound) is 10X30 = SOO tons. One-third of this (for 
west-l)ound traffic) is 207 tons, and adding 10 X20 = 320 for tare, 
VC hu\c OS? tons as the weight of the revenue cars, west-bound. 
The tractive resistance on a level of these 16 cars is (2.2x587)4* 
(10X121.0)=3247 pounds. Adding 148 for the caboose and 1771 
for the locomotive, we have 3100 as the total tractive resistance, 
and subtracting this from 33,174 vc have 30,008 pounds available 
for grade, ^'he total train weight is 137.34“3874-12 = 750.5 tons. 
Dividing this into 30,008 ve have 39.0 pounds per ton, which is 
the equivalent of a 1.98-per-ccnt grade. On the 3:1 basi.s, the 
1.9S-iK'r-<vnt grade against west-bound traffic corresponds to tbe 
1.12-pc r-ct,‘nt grade against east-bound traffic. 

207. Estimation of Relative Traffic. The estimation of the 
ndative volumes of traffic on a road yet to be constructed is 
usually a matter of slieer guesswork, except as it might be inferred 
from exLsting roads which are similar in character. But this prob¬ 
lem^ often forms one of the features of the plans for the improve* 
ment of existing lines and in such a case there is an abundance of 
existing data. Since it concerns only the ruling grades, it affects 
only those trains which are affected by the rate of the ruling grade. 
It is unfortunately true that the fluctuations of traffic ue such 
that a ratio which might hav'e been perfect at the time of 
its computation may become contiderably in emar foe a hnig 
period of time, if not>fiermanantly. A change in the devebp- 
ment^of the countiy may turn an agi|eultiiral regbn into a 
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mitaiifactur^ n^gion or the discciMfey of vast deposits of coat 
or ore may result in a eondiderBble and permanent diange in the 
fldw of traffic. 

^e Interstate Commerce Commission report for 1911-12 gives 
the following as the cluef items of freight tonnage: 

Bituminous roal . .'S25 million tons 

t)n» l.tO mtUioii tuns 

Lumber 125 imlhon tons 

, Anthracite coal IIU ntillion tons 

Stone, sand, and other like arti(*k>s ItU null ion tons 
Grain 71 million tons 

Cement, bnck, and liino b2 raillum tons 

Coke lij iiiiUion toiH 

ilO other headings 5S0 million toiw 

Total l,7Hil million Ions 

It will readily be seen that tlie above items only iiuhidc the heavy, 
bulky freight. Such tin item of rnumifaeturc as agricultural imple- 
^ments only weighed Il,J199,214r tons, and honschold gixKls and 
furniture but little more. Thcst» figures emphasi/e the statements 
made above regarding the relative weights of various class* of 
traffic. 

Perhaps the safest general rule is to s.i.\ that opiHisite ruling 
grades should be made eqiml unless there is a definite reason for 
makirtg them unequal. The rersiristnietuoi of the great trunk lines, 
on which so much money is now bc'ing spi nt, invariably aims at a 
lower grade against cast-bound traffic* than that allowed against the 
west-bound. The Canadian Pacific railniad liad .scarcely been 
completed before there was a reconstruction with this end in view. 
While it is one of the mo.st uncertain elements to calculate, its 
justification under certain conditions is uruiucstionable. 
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EARTHWORK 

PART I 


INTRODUCTION 

Sc(^ of Work. This article is dojagned to consider in detail 
the various kinds of ma<.‘hiues employed in excavation and their 
uses in the construction of highways, railroads, reclamation projects, 
municipal improvements, etc. Kach tyjie of excavator is discussed 
in sufficient detail to give a clear idea of its c*onstruction arid field 
of w'ork. The limitations and cost of <»i.K!ration of each machine 
for different kinds of •xcavation under average working corulitions 
are briefly discussed. 

• This matter, in addition to its uses as a textbook, is serviceable 
as a brief reference work for engineers, tH)ntractors, aiul others inter¬ 
ested in the design and c*onstniction of earthwork. 

Fundamental Principle. Excavation or earthwork is one of 
the more important factors in nearly all classes of construction 
work. The fundamental principle of all carthw'ork is the most, 
efficient use of the bc;st machinery to stjcute the most satisfactory 
results, in the least time and at a minimum cost. 

Methods of Excavation. The proi>er meth<xl to use in any 
case depends upon several factors: magnitude of work, area over 
which work extends, nature of soil to* be removed, length of liaul, 
a>st and availability of fiud, labor, etc., location of work with 
respect to transportation facilities, etc. 

When the job is small, the cost of the installation of the earth¬ 
handling plant may be a large pn)portion of the total cost of the 
work, and hence it is necessary to use an inexpensive equipment. 
On a large job, however, the cost of an extensive and expensive 
eqv^HDent can be (fistc^uted over a large amount of work, and 
thus only slightly the unit cost. W'here the earthwork at 
any aectum is small but extends over a con^derable area, as in much 
hq^bway and redimation wcnik, it is generally most efficiently done 
« wHh scrapers, graders, or soioe form of small, portable excavator. 
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Where tlie work is of great extent at any section^ such as^often 
obtains in the cxeavation of deep railroad cuts, large waterways, pr 
extensive pith, the U‘>c of the larger t^ixjs of dry-land and floating 
exeu\ators affords more economical and efHeient results. * 

The light, soft soils do not require any preliminary loosening 
and can be haii<lli'd by any form of hand or power tool. DeiLse, 
hard soils must first be loostMied by plowing or blasting, and the size 
uiul weight of the fraeture<l nuiterial usually necessitates its removal 
by some form of jHJwer e\ca\ator. If the excavated material is to 
1)0 removed to a coiisitleruble distance and list'd for embankments 
or other forms of fill, some form of hauling de\iee, such as wagons, 
trains of cars, or cableway should be used. Where the joh is a long 
distance fmm a line of trans|)<»rtation, the tlifficulty and co^t of 
hauling and the s<*ar<‘ity aiwl higli cost of fuel, may require the use 
of small jiortahle t>]M'S of machinery. • 

It is e\uleut that tlic coiiditious utteiuling earthwork are so 
variable, and there are UMUilly .so many unforeseen circumstances 
w'hieh may affect the progress of a joh, that it is impossible to lay 
down any fixetl rules or specify any definite methods. 

General Details of Hand Excavation. UuMening, When the 
earth is not to be cxcaiated w’ith the larger iM)wer machines and is 
very (sunpact and hanl, it must first be looseueil. lioain, sand, and 
.soft clay can be excavated ivith the smalltT types of machines with¬ 
out prcliininary loosi'iiing. 

The tools and methixls to be used deiiend upon the magnitude 
and siiH{)e of the work, the charat'ter of the .soil, the depth of cut, 
etc. llie tools usc'd for lcK>seniiig are the mattock, the pick, and the 
plow. 

The mattock is a long-handled ttH>l resembling a pickax, but 
having blades instead of points; the blades being set at right angles 
to ^eb other. This tool should be used for cleaving, and trimming 
the surface. Tlio pick is made either with two points or with one 
point and a chisel*shaped end. Its use is adapted largely to very 
dense, hard soils such as cemented gravel, hardpan, and loose rock, 
and in re.stricted places such as narrow trendies, |nts, and comers, 
which cannot be reached by the plow or power excavators. The 
amount which can be kicii^ned by a laborer in a K^-bour day varies 
with tjte skill and industry of the man, the superviaon, diaracterof . 
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the soil* working space, etc., but will average about 12 cubic j'ards 
•for hardpan and cemented gravel and 20 cubic yards for dense clay. 

The plow is the most generally used form of tool for loosening 
hdrd, compact soils and is made in several styles for different classes 
of work. The oniinary mold-lmnl type of plow used on the farm, 
is adaptable for general use in ordinary soils, but for very hard 
materials a heavy wedge-pointed plow, known as the pavement 
plow, should be useil. A heavy paveiiu*nt plow is shown in Hg. 1. 

A 2-horse plow with a driver will l(x>seu about 400 cubic yards 
of average .stul per 10-hour day. If the material is a dense clay or 
gumbo, the daily output with a 4-horse team and three men will be 
from 150 to 2(X) cubic yards. If it is assumed that the labor cost 
for team and plow is $3.50, and for the plow holder is $1.50 per 10- 



Fi*. 1. Tynioal Hardpnn or Plow 

Cvurtetff Wtttern WheelfJ fft roper Cvmfmu--, Aurora, /Itinoit 


hour day, the cost of loosening loam and clay will be about 1^ cents 
per cubic yard, and for dens<\ hanl clay will be alx>ut 4 cents per 
cubic yard. * 

Hand Shawling. Shovels are made with either nmnd or 
square-pointed blades and long or short wooden handles. The 
rcamd-pointed shovel is more efficient in the removal of stiff, dense 
soUs, and should be used with a short D-handIc. The long-handled, 
round-pointed idiovel is the more economical for average soils and 
shcHild be used where the men are not cramped for working space. 
A laborer can shovel loose material and elevate it into a wagon or 
upon a platform at the rate of from 15 cubic yards to 10 cubic yards 
per lO-bour day for elevations of from 3 feet to 6 feet, respectively. 
In stiff day at hard gravd, these quantitire will be reduced to from 
yudato 5 cuhm ^mds, respectively. 
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DRAG AND WHEEL SCRAPERS 

Drag Scraper. The drag, slip, or scoop scraper is a steel scoop 
or pan witli a rounded back and curved bottom. The latter^ is 
either provided with runners or reinforced with a thin steel plate, 

know’n as a ^'double bot* 
tom”. Wooden handles are 
attached to either side near 
the rear of the pan and are 
used by the operator in 
loading and dumping it. A 
heavy bail with a swivel 
eve is use<l fur attaching a 
team of horses. The fol¬ 
lowing ttibulation gives the 
<lescription and cost of the 
various sizes of ordinary 
drag scrafwrs. 



Kin. 2, OriiR ftiTatx-T 

CiiurtcMU Wlirrh‘l Si rninr <'ompany, 

Aurora, JUinimt 


Drag Scraper 


I)» Mi iiirtixK 


iCAPAflTT Wr.HIH-r 
(PU. It > (II. ) ‘ 


With ruiuu'i-s 


96 

$4.50 

With runiu'rs 


85 

4.26 

W'ith runiuM's 

3J 

75 

4.00 

W'ith ciotihlc i>ottoin 


100 

5.00 

With (loublt* l)ottoin 


90 

4.75 


The loading jxisition of a drag scraper is shown in Rg. 2. 

The material can be excavated direirtly w'ith the scraper where 
tho^)il is a I(K)se loam, clay, or sand. For harder and more oon^iact 
soils, the material must first be loosened by a plow. The actual 
capacities (place measurement) of a scraper will average about one- 
half the rated capacities given in the tabulation. The pan is rarely 
filled and the material is loose. 

Drag scrapers are efficient for hauls up to 100 feet, and can be 
satisfactorily used up to 200-foot hauls. A 2-horse team and scraper 
can move, in a 10-hour ^forking day, the following avenige quanti* 
ties of loose materiaL 
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Drag Scraper Service 


txairm trr Hactl 
( ft.) 

Ourrrr pkh D*r 
(cu. 

2a 

70 

50 

00 

100 

50 

150 

40 

300 

35 


Tile following cost of excavation is ai)proximately (*orre<!t under 
average working cninditions. The figures stattsi include plowing, 
loading, hauling, dumping, spreading, su}M*rv'isioii, and repairs. 

Cost of Excavation 


Lknotu op 11A VI. (ft.) 

60 

UKI 

1.V) 

2IM) 

Character of Soil: 

AveraRo 

SO. 10 

$0.12 

SO. 14 

SO. 10 

Hard 

0.13 

0.15 

0.17 

0,10 


Field of Usefulneint. The drug scrajHT has Imh'Ii used univer¬ 
sally in this country during the last <iuarter of a century in tlie con¬ 
struction of roads, railmad emhankrnents, and levees. In recent 
years its field of usefuhu'ss has Im'cii ('Xteuderi to the construction 
of broad, shallow canals and ditches, tin- excavation of foundations 
for various structures and of areas for r. servoirs, borrow pits, etc. 
The slip scraper is effiaent for hauls und«T 2(K) feet and for work 
whose magnitude is ^approximately less than 51 ),(XK) cubic yards. 

Fresno Scraper. The Fresno pr Buck scrajHir is a long, narrow 
pan with a rounded back. It is csjaicially adapted to the removal 
of a wide strip of soil in tliin layers, and to siireaditig it out over a 
road grade or spoil bank. The following tabulation gives the 
various luzes, capacities, weights, and costs of a typical make. 


Fresno Scraper 


Ko. 

! DMOurnov 

) 

- ? ■ 

CAPAcmr 
(fitt. ft.) 

Wkioiit 

Ub) 

1 

CodT 

. 1 

\ 

■ 5 4001 cutting edge 

1« 

316 

$27.00 

2 

! 4 -foot catting edge 

14 

2H» 

25.60 

a 

' 3l-foot cutting tHige 

12 ^ 

245 

22.60 
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The Fresno scraper is generally operated in grouiik of from 2 to 
10, with a driver for each scraper, and one man to load for the group. 

The economical haul of tiiis type 
of scraper is about 300 feet. A 
4-horse team is ordinarily used 
and furnishes a sufficient load¬ 
ing power for ordinary soils. A 
view of the Fresno scraper in its 
loading position is shown in 
Fig. 3. 

Field of Uttefvl^ms. The 
Fresno scraper is most efficient in the construction of ditches and 
emhunkinents where the soil is ordinary loam, clay, or sand, and is 
free from large stones and stumps. For side-hill work this scraper 
is es{)ceially efficient in trans{)orting earth, as it will often push 
ahead of itself a huge mas.s of loose material. 

In the construction of ditches or canals in a sandy-olay soil 
under average working (*onditiuns, the Fresno scraper will remove 
50 to KM) cubic yards with a haul of 70 to 150 feet, during a 10-hour 
working day, at a cost of from 8 cents to 10 Cents per cubic yard. 




FIk. 4. Typio*! Wlnelod SorapAf 
Cmtitttf W$Mltrn Wht«Ud Scraper Campanp, Aitnini, iftiniit 

Two-Wheel Scraper. The wheel scraper consists of a steel ho% 
mounted on a single {^r of wheels and equipped with levi^rs for tihe 
raising, lowering, and dumping of the pan, while the temn is in 
motion. An automatiemui gate is sometimes used for the endosure 
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oi llie pan and to prevent loss of material on steep slopes. ITie 
following tabulation gives the various siises, capacities^ weights, and 
oo^ts of a typical make. 

Two-Wheel Scraper 


1 

No. 1 

1 

('APAtnr 1 
1 veu ft ) ] 

VV AIUU1 
0l») 

Cow* 

1 

u, 

1 

4.'>0 

«tr> 00 

2 

i:i ! 

auo 

r>2 50 

21 

1.1 

700 

.57 00 

3 

17 

H.'iO 

(iO (N) 


The loading position of a wheel seraiHT is shown in Fig. 4. 

The 2-whcel scrapcT i.s an cHicieiit earth mover for hauls up 
to 800 feet, and nwre efficient than the drag seraiwr for hauls over 
200 feet. A 2-horse team and scraiH*r can move, in a lO-hour w'ork- 
ing day, the following avemge quantities of loose material. 


Tno-Wheel Scraper Service 


Lanoth or 

(>l TIM 1 P, H 

Uai l 

I)a> 

(ft) 

(PU >d ) 

1(K) 

(SO 

200 


3(K) 

40 

4(X) 

:jo 


The following c<»st of excavtUiion is ajiproximately correct 
under average working <‘ondition.s. The figun’s stated in the tabu¬ 
lation include plowing, loading, hauling, dumping, spn^ading, super¬ 
vision, ami repmrs. 

Cost of Excavation 


LxMen or Haul (ft) | 

ino j 

200 

200 400 ' mm j 

000 ^ 700 1 

1 

000 

ChacMtir of Soil: 



i0.14 fo.iolto 18 

iiHil 


AveroiB 



tO.24 

Hart 

0.13 

ii 

0.17 0 10 n 21 

t } 

imiig 

0.27 


Fidi rf Vtefdnett. The 2-wheel scraper has about the 
) same vooijgit a» the drag s<mper; being Hmited to ahaUow excavation 
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where the magnitude of the job docs not exceed 50,000 cilbic 
yards. The economical operation of the 2-wheel scraper is within. 
hauls of from 200 feet to 8(K) feet. 

I^ike its prototyiH:, the drag scraper, the wheel scraper is most 
serviceable in the construction of small railroad embankments and 
levee.s, where the continual movement of the teams over the fill is a 
valuable fa<*tor in the compacting of the material. On short hauls 
of from 2(X) feet to 400 feet, where the soil is an average- loam, 
clay, or sand, and the cut is shallow, the 2-wheel scraper can be 
economically used on highway, railroad, and ditch construction, 
and in the excavation of cellars, reservoirs, pits, etc. 

Four-Wheel Scraper. This machine is made in two sizes, with 
pan of and l-jard <'opacitics. ^'hc pan of the scraper is hung by 
chains, on a steel frame which is su[)portcd on two 2-wheel trucks. 
The front wheels are underhung so that short and sharp turns may 
bt? made. The pan in the loading j)osition has the cutting edge 
touching the surfa<*e. The pan is i)[H^rated by 4 levers, which are 
all within easy reach of tlic driver or ojx'raUjr who i.s seated just 
Ixdiind tlic rear tnick, and on the right-hand ride of the machine. 
The motive pt)wcr is funiishetl by a team of horses. A snatch team 
of two or mure animuls, or a traction engine, is used in loading. 

The pan, W'hcn filled, fs automatically elevated by a sprocket 
chain while the mathine is in motion. The load is dumi)ed through 
a lever-ojx'rated gate in the rear of the pan w'hile the scraper moves 
over the <lump. Fig. 5 shows several 4-wheel scrapers on the 
construction of n'servoir embankments and irrigation canals. 

The 4-wh(;el scraiHT is almut 100 fx'r cent more efficient than 
the 2-wheel scrajier for 2(K)-f(K>t hauls, and this greater efficiency 
increases with the length of haul. It can be economically used for 
hauijs up to 20(K) feet. 

Field of Usff iilness. The 4-w’heel scraper is 'well adapted to 
highway, railroad, and ditch construction, and in any shallow excava¬ 
tion where the quantity of material to be moved is less than 50,000 
cubic yards, and soil conditions do not require the use of a power 
excavator. 

On highway, railroad, and reclamation work, where the cut 
varies from 1 foot to 3Jbet, and the haul is from ^X> feet to 1000 
feet,^ to 10 acrapers, loaded by 1 traction 4»qpbae» can eaGcavale 
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from 500 to SOO cubic yards of clay and loam at an average cost of 
from 10 cents to 15 cents per cubic yard. 

GRADERS 

Two-Wheel Blade Qrader. The simplest form of scraping 
grader is the 2-wheel grader, which consists of a 2-wheel truck 
carrying an adjustsible blade. The blade is controlled by two 
levers, which are 0 {)erated by the driver who is seated at the rear of 
the machine. The wheels are flanged to prevent lateral slipping of 
the machine on an inclined surface. The machine weighs 500 



Fig. ft. Two-Whecl Grader 
CoutifAu nf Htii.tr Mitnu/tifiurtng Company 


IKUinds an<i costs $125, f. o. h. factory. A detailed view of a 
2-wlieel grader is given in Fig. 6. 

Fivld of f V/»//h<vw. The 2-wheeI grad<*r is cspeiTially adapted 
to the excavation of small road and drainage ditches. In soft soil, 
the ijyenige capacity of a machine operated by 2 horses and a driver, 
is i mile of V-shaiied ditch, 24 inches deep, in a 10-hour day. 

Four-Wheel Blade Qrader. The ^wbeel grader consists 
esse&rially of an adjustable scraper blade, which is carried by a 
frame supported on 4 wheels. The blade is controlled by levers^ or 
chains, and can be set at any angle with the direction of draft, maaed 
or lowered to any height or angle, and tilted to the firont or rear. 
The tractive power may.4be horses or a traction eagjnei the latter 
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bein^ more economical in stiff or hard soils. The rear axle is usuidly 
made telescoping, so that the frame of the machine may be shifted 
to either side. This allows one rear wheel to bear against the side 
of lb® ditch w'hcn making a cut. 

The oniinary 4-whee! road grader is made in various forms 



f*'ic. 7, l.»riti> Siiu> Itoanl (tl'Mlor 
Couritity of F. C. /tiMttn Uraxtukye Excavator Company, t'hinifio 


and sixes. The following tabulutioii gives the .si/es, weights, and 
costs of a typical make. 

Four-Wheel Blade Qraucr 


1>KIM MIl'TIdS 

1 

]4UJkS>K 

I Wkii.mt 

I nil ) 

1 

1 

CIliHT 

(f. «. b. 

1 

.. *K 

fHi-l.ol'y) 

Light 

\Tt in. X <» ft. 

I4(N) 


Standard 

1.5 ill. X 7 f» 

27(H) 

225 

Larg«f 

15 m. X 7f(. 

KKK) 

2«» 

V«ry larg«' 

18 in. X 12 ft. 

illOO 

:ino 

i 


A largc-sixe blade grader on road i'oiistnK'tioii ia shown in 
Rg. 7. 

RccUunatioii Grader* A scraping grader, which is especially 
des^p^ for tl« construction of ditches is shown in Fig. 8. In this 
case, 2 graders, drawn by a traction engine, are being used in oodrdi- 
nation on road constniction. This machine has a much greater 
Satitude in the vertical adjustment of blade and in the lateml or 


$u 
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oblique motion of the wheels of both trucks. The inclined wheels 
allow for excavation on slopes and offer reidstance to the lateral 
thrust of the earth. This grader is hauled by 12 horses, or by & 
traction engine, weighs 3(S00 poun<ls, and costs $750, f. o. b. factpry. 

Meth(d of Operation, The 4''Wheel blade grader is operated 
so as to excavate a continuous slice of earth from one side of a cut 
and move it laterally and gradually by making several trips or 
rounds of the machine. In roatl construction, the various steps are 



Pit! s. S<>rii|nnK CSradt*r E^pprinlly DcttKniMl for C'onHtructiiig; Ditrliea 


shown in Fig. 0. The grader starts at the side of the road with the 
blade elevatc<l so that the point will act as a plow. On the second 
nmnd, with the front and rear wheels in line, the blade is lowered 
and follows the furrow made on the first round. The third round is 
made with rear wheels near center of road and the blade more neady 
hckrizontal and swung around so as to push the earth towards the 
center of the road. The final round is made with the wheels in 
line and the blade nearly at right angles to the draft and so hung as 
to level off the mateihd'.' 
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^idd of XJstfvlness. The road grader can be used effideiitly in 
the construction of roads and ditches. The 2-wheel grader is 
siutable for the grading up of roads and the excavation of small 
ditches where the soil is dry and not very hard. Tlie 4-whecI 
grader is especially serviceable in road cx>nstruction and the excava* 
tion of the upper sections of large ditches or canals. The tjTpe of 
4>wheel grader known as the ^‘reclamation grader'* is especially 
adapted to side-hill work and the excavation of ditches. The ordi¬ 
nary blade grader of any type is not serviceable in the excavation of 
wet, soft, or very hard soils. 



Fig, 0, IXagrom Showing Four Ktagwn of llond Coovlructliio 


The traction engine is the most economical and efficient form of 
tfactiVe power, and can be used to haul graders in pairs, thus effect¬ 
ing a considerable economy of time and labor, Fig. 8. 

Corf cf Operation* Tlie standard size of 4-wheel blade 
grader will require the services of 5 horses, or of a traction engine, 
and of 2 men, at an operating cost of about $12 per day. In the 
excavadon of ditches and the grading up of toads, for loam and 
day, widi light grades, the output will average about 1000 cubic 
yanifl or about 18,000 square yards of road surface ooverqfl during 
a lO-hour day. The average cost of road oonstnicrion will vaiy 
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from 14 cents to 2^ cents per cubic yard, depending on soil, 'wjuith 
of road, size of scrajHir, depth of cut, etc. 

Elevating Grader. The elevating grader consists of a frame' 



Fix. 11). ICIeratJiMC <ini(trr Mnid-Rosrcl Flow 
Courtetu of Wrxirm Whettril Scmprr Company, Aurora, JUinoia 


suppt>rted on 2 pairs of wheels. From tlie frame is suspended a 
plow and a transverse inclineii frame, w'hich carries a wide, traveling, 
endless belt. The plow may be either of the clisc^or mold-board 



F\s. 11. Elvvatiat Ondar with IMm Plow 
CowrfMv of Wootam Whootod Serapar Company, Aurora, lUiaoit 


type. The elevator frame is adjustable both as to lengtib and 
mcliaation. The plow is adjustable on an independent fnaae and 
loosens the ami which Is f»ught upon tlm lower end of the IbdSiied 

au 
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elevator. An <^evating grader with a ino1dl>oard plow is shown in 
Pig. 10, and one equipped with a disc plow in Fig. 11. The moving 
belt carries the material to the outer and upper end of the elevator, 
where it falls ui>on the s}>oil bank or into w’agons. The elevator 
side of a grader is shown in Fig. 12. 

The elevating grader is genially made in 3 sizes, which are 
described in the following tabulation. 

^ ” I 

* Elevating Qrader 


SlKK 

('ONVKVINO 

tlADIlTM 

W’kiukt 

('•JWT 

(f. 0. b. 


Ut ) 

Ob.) 

Fuetniy) 

Small 

10 to 18 

8600 

$ orx) 

Standiutl 

1.5 t o 21 

mm 

KXX) 

Largt* 

IK to ao 

12(X)0 

14(X) 


The motive iwwer is ordinarily funiished by 10 to 10 head of 
horses or mules, depending on the size of the machine and the char- 



FtK. 12. Ektvatiir Sirl« of ElovaiiiiK Orntlvr 
Cottrfoty «/ Western Whrfled Scraptr Cimpany, Auniim, lUinoUt 


acter of the soil. For large jobs and in hard soils, the traction engine 
is the more economkal form of tractive power. In the larger sizes 
machines, the elevating belt is often propelled by a 5- to 7-h. p. 
gaaoUtte engine, mounted on the resiT of the frame. 

Coti of Operaiion. The standard size of elevating grader will 
require 12 homes, or a 20-h. p. traction engine, 2 drivers, and an 
operator, for its «fl|cient operarion. The capacity of the maohine, 
vnraldiig ia day, will average about 800 cul^ yards for a lOdunir 
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working di^. For a haul of about 300 feet« five lf>yard dump 
wagons will be necessary to keep one grader busy. The cost of 
operation will vary from 10 cents to 15 cents per cubic yard, depoid- 
ipg on soil and labor conditions, the land of tractive power used, 
method of disposal of excavated material, etc. ^ 

Field of Ustfidness, The elevating grader is a time-honored 
and efficient type of excavator in road construction. It is more 
cHonomical than the blade grader as the excavated material b trans¬ 
ported in one operation by the former machine, as compared with 
several trips required of the latter. The blade grader, however, 
must be used to finish up the road surface behind the elevating 
grader. The blade grader must also be used in the grading up of 
old roads, wrhere the side ditches are narrow or deep. 

The soil conditions must be favorable for the efficient operation 
of tlie elevating grader. Very loose and light soils cannot be raisied 
by the plow’, and w’et, sticky soils W'ork with great difficulty. The 
})resence of r(K)ts, stumps, boulders, ami similar obstnictions in the 
soil render the ojwration of the grader very unsatisfactory. 

In recent years the elevating grader has bc‘tm used with con¬ 
siderable success in the West, in the excavation of large ditches and 
canals, especially on irrigation projects. Tliis type of excavator 
cannot be used to advantage on a ditch having a tx)ttom widtli of 
less than 10 feet. A large grader excav ating an irrigation canal b 
shown in Fig. 13. 

On railroad work, the grader is not well adapted to the making 
of cuts. Usually there is not .sufficient room in a single-track cut 
for the operation of the grader wdth wagons, and unless the width 
of cut b 35 feet or over there is insufficient space for the wi^mi to 
pass the machine, and much of the excavated material has to be 
rdiuidled. 4 

POWER SHOVELS 

daasification. Power shoveb may be ebssified as to the kind 
of pQiter used. Formerly all shoveb were operated by steam power, 
but dtfiring the last decade, with the universid and economical use 
of electric power, t}M» electric motor has in many cases replaced the 
steam as the prime movea’ in tb^ d^peralion. As the steam- 
opefited ^M’vei b most genemlly use^ that type wifi, be db- 


90 
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cussed first. Power shovels may also be clasf»fied as to their con¬ 
struction and method of operation as follows: 

(1) Those Slaving the machinery mounted on a fixed {datfonui 
and the sphere of operation limited to an arc of about 200 degrecjs 
about the head of the machine. 

(2) Those having the machinery mounted on a revolving plat¬ 
form, and the sphere of operation a complete circle, the center of 
which is the middle of the machine. 

The first class may btt divided into three typa-'s, acccjrding fo the 
manner of sui>pt>rting the platform: (a) machines mountetl on 
trucks of standard gage, used largely in railroad construction; (b) 
nia(‘hines mounted on trucks with wheels centered at other than 
stain<lani gage, and ustsi in various classics of excavation; (c) machines 
mounted on trucks with small, br^Mul-tirtnl wheels, aixl use<l in rail¬ 
road, stretjt, basiKrnent, and other classes of construction. 

The machines of ty|)e (a) are generally usefl for railroad tsm- 
struction. A wooden or stcrl car ImmIv is supiK)rtt‘d on two 4-w’heel 
trucks of standard make and gage. The crane, which is generally a 
stmctural-stcel frame, is so arranged that it can lie lowered to pass 
under overhead bridges and through tunnels. 

The shovels of ty|>e* (h) were first biiilt, and are still used on 
general construction work. They are mounted on a wide wooden or 
steel framework, or ear body, w^hieh is supported oo 4 small wheeJs 
of 7-foot or 8-foot gage. Great stability is thus given to the machine 
by placing it near the ground with a wide base. This typ)e of shovel 
can be readily dismantlcxl and transjxvrted in' sections on cars, 
w'agotis, or lanits, and is very serviceable for ail tiaases of cartKwork 
on account of its portability and adaptability. 

The tliree typ>es differ principially in their method of support, 
but otherwi.se arc similar in their details of construction and 
opemtion. 

FIXED-PLATFORM TYPES 

Arrangement The general arrangement is sunoilar in all makes 
of steam shovel. Chi the platform or car body is located the operat¬ 
ing machinery and poww equipment; the boiler at the rear end, tim 
engines near the center, and the A-frame and crai^ at the front end. 
Pig. 14, 




TABLE 1 

Sizes of a Standard Steam Shovel 
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*Car Body. The car body conasts of a rigid, structural-steel 
«frame, adiich is often rrinforced urith durable wooden members to 
assist the steel shapes in resisting tlwi severe twisting and aTendiing 
stifdns during operation. On the platform is placed a wooden or 
light steel frame, which is covered with a sheathing of wood or cor¬ 
rugated steel to form an enclosed car. Fig. 14. Near the front and 
on each ride of the platform are placed jack braces. These are 
heavy east-steel brackets, hinged to the platform and carrying screw 
jacks at their outer ends. During the operation of the shovel, these 
braces are placed at right angles to the car and prevent the tipping 
of the front end during the swinging of the crane from side to side. 

Power Equipment. The power equipment generally consists of 
a boiler of the horizontal, locomotive tj-pe for the larger sizes, or a 
vertical, submerged-flue boiler for the smaller siz<\H of shovels, and 
reverrible hoisting, swinging, and thrusting engines. The boiler is 
fed by a feed pump through an injector, and a working pressure of 
125 pounds is used. The older makes of shovel used 1 engine with 
3 drums on 1 shaft for the complete operation; but the newer 
types are equipped with separate, horizontal, reversible, double- 
cylinder engines for each operation of hoisting, swinging, and thrust¬ 
ing. Chains or wire cables are wound around the drums and attached 
to the dipper handle and swinging circle and thus transmit the power 
for the operation of the shovel. 

In one well-known type of shovel the engines are mounted 
direcitly on the swinging circle and revolve with the crane. This 
arrangement allows more romn on the platform for the boiler, and 
affords direct transmission of power in hoisting. A diagrammatic 
view of this type of shovel is show'n in Fig. 15. 

Table I gives the (hmensions, weights, and diifenmt capacities 
of a standard i^ake of steam shovel. 

The cost of a steam shovel varies from $120 to $165 per ton, 
the larger the shovel, the less the cost per ton; and the more the 
total we^t, the greater the weight per cubic yard of bucket. > 

Ettavatiflg Equ^nnent The excavating equipment is located 
at the front end of the car and consists of the boom or crane, dipper 
handle, and dipper. The crane is made in two sections between 
which the dq^^ handle passes, and b gen^tdly in the form of a 
I ^^fnetiual'^lBel bame. TTie lower end of the boom rests i>n the 
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8wi|ighig cirde which is pivoted to the front end of the pktform. 
TTie boom revolves with the swinging circle. The upper and outer 
• end of the crane is connected to the top of the A-frame uith rods, 
ai^d has a sheave over which the hoisting cable passes on its course 
from hoisting drum to dipjwr handle. The latter carries the 
dipper at its lower end and moves through the crane and over a 
pinion which engages a toothe<i rack on its under side. The dipper 
handle is usually a single tiinlwr of hardwoo<l, reinforced aith steel 
plates 'or angles. The dip^x^r is made in the form of a scoop with 
closed sides, open top, ami a hinged and hitched dmir atthe bottom. 
It is made of heavy steel plates reinforced at top and liottom with 
steel bars. Tlie top or front edge is provided with a sharp, heavy- 
steel cutting efigc, or manganese-steel tcH*th. The bottom of the 
bucket is of heavy stet*l, hinged to the r»‘ar side and closed by a 
spring latch on the front side. The o|H‘ration of the liottom dcxir 
is controlled by a small lino which leads from the door to the side of 
the IxMtm, where the cranesman stands. Other tyiies of buckets or 
dippers may be used with the steam shovel, for various classts of 
excavation, but, as they are largely us<*il for dreilging, their vfon- 
stniction and use will lx* dcscrilied under the section on ^'Floating 
Excavators”. 

Metiiod of Operation. A steam shovel of the first class is gen¬ 
erally operated by a crew of 7 men; an engineer, a cranesman, a 
fireman, and 4 laborers. The engineer and cranesman directly con¬ 
trol the movements of the machine. The fireman keejis the Ixiiler 
supplied with fuel and water and sc<‘s that the machinery is in good 
running order. The laborers are generally under the direct control 
of the cranesman and their duties consist in the breaking down of 
hi|^ banks, assisting in the loading of the dip|XT, leveling the surface 
in front of the machine, lading the new track, oixrrnting the jack 
braces, and fdt general service abtmt the shovel. In rock excava¬ 
tion, from 2 to 6 extra laborers are required for breaking up the 
rock, mud-capping, etc. 

The engineer stands at the set of levers and ][>rakes which are 
located in front of the madiinery. The cranesman stands on a small 
platform on the right side and near the low'er end of the crane. Hie 
fmmer controls and directs the raising and lowering of the cUpper, 
the swinging of the crane, and the traction of the whole machine. 
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The cranesman controls the operation of the dij^r, and of the 
dipper handle, regulating the- depth of cut, releasing the dipper 
from the bank and emptying it into the car, wagon, or spoil bank. * 

The process of excavation commences with the dipper hai]dle 
nearly vertical and the dipper resting on the floor of the pit with the* 
cutting edge directed toward the bank. The en^neer then moves 
a lever throwing the hoisting drum into gear and starting the enfpne. 
The revolution of the hoisting dnim winds up the hoisting line and 
pulls the dipper upw'ard. Simultaneously, the cranesman starts the 
thrusting engine and moves the dipper handle fonvard as the dipper 
rises. These two motions must bti made smcxithly and codrdinately 
or the hoisting engine will lie stalkxi and the w'hole machine tipped 
suddenly hirwartl. When the shovel has reached the top of the cut 
or its highest practicable position, the engineer throws the hoisting 
drum out of gear and sets the friction clutch with a foot brake, thus 
bringing the dip[)er to a st(»p. Immediattiy, the cranesman releases 
his brake and slightly reverses the thrusting engine which thus 
draws back the dipper handle and withdraws the dipper from the 
face of the excavation. 

When the dipper digs clear of the excavation it is unnecessary 
to release it as <lescribed for the last motion. The engineer then 
starts the swinging engine into oixTatioii and moves the crane to 
the side until the dipfxr is over the dumping j)Ince. With a foot 
brake ho s(‘ts the friction clutch c*ontrolling the swinging drums 
and stops the sidewise motion of the crane. The cranesman then 
pulls the lat(‘h rope, which o{)cns the latch and allow's th»door at 
the bottt>m of the dipper to drop and to rtdease the contents. The 
engineer then releases the friction clutch by the foot brakes and 
reverses the swinging engine, pulling the crane and dipper back to 
[Kisition for the next cut. As the bocim is swimg around, the 
en^necr gradually releases the friction clutch of the hobting drum 
and allow's the dipper to slowly drop toward the bottom of the cut. 
When near the point of commencing the new cut and as the dipper 
handle approaches a vertical portion, the cranesman releases the 
friction clutch on the hobting engine with his foot brake. Thus, 
as the last part of the drop is made by the dipper, it b also brooght 
into )>roper positioii and the length of the dipper arm regulated 
the q^mmeneement of die new cut. As the dipper drops into pbce» 
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the bottom door closes and latches by its own weight. The <diiie 
required to make a complete swing depends upon the charact^ of, 
the material and the skill of the operator, but under ordinary con¬ 
ditions this should average between 20 and 40 seconds. ' « 
After the entire face of the cut has been removed within reach 
of the dipper, the shovel is moved ahead. When the shovel moves 
on a track, a new section of track is laid ahead of the section on which 
the machine rests. The lalKJrers release the jack screws, of the 
hraci»s, and the enginec*r throws the pro|K41ing gear into place, starts 
the engine, and the shovel moves ahead 3 to 5 feet. The jack braces 
are then set into }M)sition, the wheels are blocked, and the shovel is 



ready for another cut. The maximum width of cut depends upon 
Uie size of shovel, length of crane, height of face, etc., and varies 
from 15 feet to 30 feet, 'flie shovel may cut on a level or slightly 
descending grade and by working liack and forth on different levek 
ma^ excavate a cut of almost any deptli and width. 

The steam ^ovcl of the fixed-platform dass will excavate any 
material except solid rock, which must first be blasted down and 
broken up into pieces small enough for the dipper to handle. The 
excavated material be dumped into and carried away by: (1) 
dump wa^ns, hauled by teams or by tractioa engines; (2) dump 
ears holding from 1| to 6 cubic yards, drawn by horses or dinkey 
locomotives over narrow-gage tnmk; and (3) dump ears of laige 
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eisgt, from 4 to 12 cubic yaidu, or gmidola or flat curs, hauled by 
laiigf^sized locomotives over standard<gage track. 

The dimensions and working limitations of a weU*kno^ii make 
<4 steam shovel of this class are shown in Fig. 16 and Table 11. 

The values for “Digging Radius at 8-foot Elevation”, given in 
Table II, are theoretical figures which are generally not realiaed in 
practice. It would be conservative to use values of from 60 per 
cent to 80 i)er cent of those given in the table for attual W'orking 
conditions. 

The output of a steam shovel depciuls on its size, the character 
of the material to be excavatetl, the eflicieiicy t>f the crew, clinuitic 
conditions, l(K‘ation of material with relation to the shovel, relation 
of .shovel to ptiint of dumping, efficiency of w^agon or car service, 
etc. When working under favorable conditions, the maximum 
w'orking capacity of a shovel will average about one-half of its 
theoretical capnc'ity as rated !)y the maiiiifa<‘tnn*rs. A shovel is 
generally in actual ojK^ration about -10 jht cvnt of the w'orking time. 
The remainder of the time is sjH'nt in waiting for (jars or wagons, 
and delays for repairs, coaling, w'ateriiig, oiling, etc?. The fog of 
efficient shovel opc^rutiem under favorable working eunclitions would 
be about as follow’s: 


OrciiATioN 

'('iMK 

(|M'r fvnt) 

Moving shovel 

10 

Breaking u|> rock, mucking, 

10 

W ait iiig fur ears or wagons 
Bepairs 

l.'i 

r> 

Actual loading 

IK) 

Total 

100 


Table III gives the actual output of about fifty shovels', which 
were in actual operation fc»r .several wrecks. These re(?ords were 
collected by Mr. R. T. Dana, of the Con.stniction .Service Company 
of New York. 

Gwt of O^radon. The cost of operation of a steam shovel 
depends upon the class of work, the kind of material to be excavated, 
the size and ^(dency of the machine, die pecuUar conditions affect¬ 
ing each job, the facilities for removing the material, etc. 

lUtuiraUte Exam^, Hie type of shovd^ in general use for 
heavy excavatbn is a 70-or SO-ton machine equipped with n 2|-yafd 
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dipper. In making a cut for a railroad or large canal, cur in cqieoing 
up a gra\'el pit, mine, or quarry', the shovel ordinarily makes a through 
cut and then returns on a parallel cut, dumping into wagons or cars 
which move along the previous grade at a higher level. A typicid 
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arrangement would Ik* as shown in Fig. 17. Tuder such conditions 
the cost of ojK*ration of a 25 ->'ard steam shovel in the excavation 
of clay and gravel, for a lO-hour day, would l>e as follows: 


Labor: 


Cost of Excavating Clay and Oraval 


1 enginiH'i S.*) (M) 

1 crtuKxunan H fiO 

1 firemnn 2 50 

i v>atchman, (^i< aV) {mt month 1 (10 

4 (a* Sl 75 7 (K) 

1 t«>atn ami dnvcr (iiuuliiiK rcmi, ualor, vir ) 3 HO 


Total labor, piT day 
Fuel OTM# Supply f 

21 tons of coal, (n, ai (X) 
Oil, and livaato 
Water 


122 m 

SIO (N) 

1 .'iO 
50 


Total fuel cofit, etc. $12 00 

Qtneral and Overhead Expenw*: 


KetNiirs 

$5.(X) 

Incidental exfienMcs 

2 (X) 

Depunciation (5' o of $12,(KX))* 

3 (X> 

Interest (6% of $r2,0(K)>* 

» (K) 

Total general cost 

$13 W 

Told Cost nf OpMtUkm per lO'hour Day 
Average Daily l^oavation (cu. yd ) 

1600 


UoliCofiit<rfBacavatingday uidgravelper«u.yil.,$48.104'1600 » 00 03 

Hie same steam shovel used in the excavation of a stiff clay or 
shale wo uld {xrobably require the services of 2 extra laboren at 

*Oa«d «a a StKysw Ids sad 100 aoriunc dar* pw ymt. 
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fl.75 per day eatrh. The average daily excavation would be 1000 
cubic yards, and the cost of operation would be about 10.03 per 
cubic yard. 

For the (excavation of rock which requires blasting, the addi¬ 
tional labor and expense would be as follows: 


Additional Coat of Excavating Rock 

/Ailutr: 

4 pitnii'ii, (Oy $1.7.^ «ach $7.00 

2 laiiormi, (c$ $l.fi0 (tach 3.00 


$10.00 

Fuel: 

I ton of coal, ({i^ $1.00 $4.00 

iMoneninf/ \fnt*Tuth: 

Dynaiiiit<‘, capH, fuse, powderj cU?. $l ■ .50 


Total Additional Cost of Kxcavatini; rock 


$15.50 


'I'otal CoHt of ()}M'ratinft Shovel in Solid Rock f>cr 10-hour Day $63.00 

AvcraRc Daily Excavation (cu. ycl.) 900 

I'uit Cost of 'oiMTution, jjcr cu, yd., $6;i.(i0-i-900=* 00.07 

The above statement dtu's not include the cost of transporting 
tlie shovel to and fnjin the job, the cost of living and camp expenses, 
or office and other fixed charges. 



, Fig. IS. Bucjtiw Sbovol Flltloc Dump Cam uiih Cfar 

m 

Tile cost of the disposal of the excavated mateml varies frosn 
nothiftg when the material b dumped upon the rides of the exeavw*' 
tion (hi^way or cumll^llbstructioii on a riik hifl) to 15 or 2(>oefili 
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Fig. 19. Sie«ia. $bov«i9 Losding Dump Cars in Sioue Quany 
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per cubic >ar(i when the material must be hauled for a long distimoe 
and hprt'ad. The disiK)sal consists of two operations: the hauling; 
and the dumping. The cost of hauling depends on the type of" 
cH>iivc>nrM‘c us<*d, numluT of cars in train, length of haul, etc. The 
cost \nrics from 3 to 12 cents p<*r cubic jard. Tlie cost of dumping 
\arics from ^ (cnt iK‘r cubic jard for wagons to 1J cents per cubic 
jnrd for cars. Fig. 18 shox^s a .shoxel loading a train of ride-dump 
cars witli clay. Fig. 10 shows a large size steam shovel loading a 
train of box cars w itli limc'stone in a cement quarry. 


REVOLVING-PLATFORM TYPES 

Arrangement. There are .sexcral makes of revolving shovc‘1 
whi(‘h are alike in general arrangement and construction. The 



i ig I v|>r 1 Thew Shv'\(l M tuntid upon Car W ht^la 
C urU of 7 hf Tk> tc auCtrnM In ithoeet Compnng, Lornin 

essential fc*aturi‘s of the revolving shov'cl are a lower or trude plat¬ 
form and an upper or revolving platform on wliich are located the 
operating and cxcavating equipments. A tv'pical make of revolving 
shovel is shown in Fig. 20. 

Platforms. The lower or truck platform composed a 
rectiiiigular structural-steel framew’ork which is strongly braced and 
riveted. This platfo^ rests on 2 steel axles, the front one pivoted 
ai|d the rear one in poritkoi. On the rear axle ia located a 
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fl|»ocket wheel, which is chain-connected to the engine and thus 
provides for the traction of tlie machine under its oan power. The 
turning of the front axle governs the direction of the tractive move¬ 
ment of the shovel. The wheels may be either nndc-tired wood or 





KIg. 21 Details of Tlipw flni'.fini' Knffine—lloriiontal Douliie 

RevcraiDK Type 


steel, or flanged railroad wheels when the shovel is to ojKfratc on a 
track. Vj)on the top of the* platform is ><*ate<l a large casting which 
comprises a circular gear, the roller triiok and the central journal 
or gudgeon, which sup|K>rts the upiier platform ami wtirks. 

The upper or revoKing frame carries the maehiiKjry and lower 
eud of boom and corresiwnds to the car btaly of the fixed-platform 
class of shovel. This platform is a rigid framework of structural- 
steel members which are strongly braevd and riveted. A heavy cast- 
steel socket is located on tiic lower si<le of the platform and rests on 
Uie journal of the lower frame. Tlie whole oiH*rating mechanism 
can revoh’e in a complete circle about the stutifinary lower frame. 

Power Equipnmnt. The power equipment of a revolving steam 
shovel consists of a vertical hfuler and independent engines for 
fadsting, swinging, and thrusting. 

The boiler is of the vertical, submerged multi-tubular type, and 
made to operate under a working pre.«isure of from KK) pounds to 
125 pounds Hie boiler feed consists of an ejeertor and a pudiqi, 
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which can supf>l>’ water to the boiler while the shovel is in operation. 
The boiler is located on the rear end of the upper platform. 

'I'hc cnp»*-< ^re all doubltM*ylinder, horizontal, and reverjdble.' 
'file swinsin;! aud hoi-.tirv« enjfines are located in front of the boiler 
near the front end of the upper platform. The thrusting engine is 
located on the upper side of the crane or bfKun. The hoisting drum 
is contndled by a friction baud which is o|HTated by a f<K>t lever. 
Kig. lil diows the swinging and hoisting engines of a well-knowm 
make of rcv<tl\ing shovel. The thrusting engine in several makes 
is of tlie douhle, horizontal, reversible ty|K; which is itsed on shovels 
of the (ixed-plalform class. One make, the Thew Automatic Shovel, 
uses a very uniipte aud effi<ient method of thrusting or crowding 
the ilippt'r. A cjjrriage or trolley to \\hi<*h i.s hingtsl the upjK'r end 
of tlu' ilipper arm, moves horizontally along a trat'k. As the carriagt* 
moves forward, the renter of rotatii>n of the dip}M*r is changed ami 
]m>duees a prying action. The crowding motion is always in a 
hori/.ontid dirc«-tion. 'i'hc mo\cmrnt of the carriage is etmtr<>lled 
by the cranc.sinau, who o])cratcs the throttle lever tif the orf>w'ding 
engine. 'I'lie throttle is also eomn'cted to a ‘‘trip”, w'hieh auto¬ 
matically shuts oil' the ^tcam when the carriage reaches either end 
of the irackwa>, Kig. I’t), 

(iasiiliiu' pi»wer < uii be n.M*d to great e<*ononiie a<lvantagc when 
coal is high in price and inai trssihic. The prime mover is then a 
gasoline engine whi< h is natuntctl (ui the rear of the platform and 
IwltH'onnri'tcd to the operating units. 

Tlu* upiH'r platform is provided with a housing of wood or cor- 
ntgate4l stt'cl for tlie em losure ami proteetitm of the machinery. 

Excavating Equipment. The crane or btaun is a structural 
frame 4»f steel, or <»f steel ami Avotxl. The h>wer end is hinged to the 
turntable ami the upper eml is supportcii by guy nals which extend 
to the rt*ar e«>rners of the iip[)er frame. The boom is made in two 
.s«*etions and so arranged that the tlippcr handle may move betw^ecn 
them. I'lMm the upjH'r sitle of the boom is located the thrusting 
meehanisui. 

I'he <Iip|K‘r hamiU* is of steel, or hardwood reinforced with steel 
plates. The lower end t>f the handle is attached to the dipper. 

the under side of the handle is the steel-toothed rack which 
engages the pinion of the'shipper shaft, which is the gear-operatii^ 
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mechaiuam of the thrustiuj; engine. In the Thew sliovel, the dipper 
handle i» made of steel and in two sections; the lower member tele- 
» scopes into the upper section, and the two may he clamped in any 
position. 

The dipiKT is usually eonslru(‘tcd of steel plates and forgings. 
The cutting edge is usually made t>f mangane.se stf'cl and for hard 
soils is providcti with tw>l-stt'cl ttH‘th which can be removed and 
replactKl when wforn tnit or broken. ' 

Method of Operation. A rtnolving st.(‘am shovel is ge.nerally 
operaU hI by a ennv of Jl to ."> men; an engineer, a fireman, atal 1 to 
3 laborens. The engineer <*t»ntrols tlie. operation of the machine. 
The fireman feeds the Ixaler with fuel aiul water and ke<?ps the 
machinery oiled ami greasisl. The hd)orers haul e»)al, assist in the 
loading of tlie shovel in hard material, break <iown the hank, plank 
tlie fl«M>r of thtf t*x<*avati«ni for the supiM>rt of the shovel, etc. The 
eiiginc*er stands at the .s<>t of le\ t‘rs ami brakes whi<*h are loeaUxl 
near the front end of the up]H*r platform. 'Flie method of o|x'ratioii 
of this type of shovel is similar to that of the fixed-platform <‘lass, 
and the .student is referred to the detailed description givetii mider 
Uiat wytion. Note, howrwr, that in the ease; of the revolving 
shovel, then* is no eranesman, and the engim*er din;etly cxmtrols 
the tlin*e o])eruting motions of hoisting, .swinging, and thrusting. 

The revolving shovel wdll excavate any class of luateriul, except 
stdid riH'k, which must first In* blastetl id<<.vn and broken into pieces 
t»f a .size which can be handled by the dipi)er. The exeavatetl 
material may be dumtasl into spoil banks along the .side of the 
excavation, or into wagons hauled*l)y hors<\s or traction engines, or 
into dump ears hauled by dink<*y l<Ks»motives over a narmw'-gage 
track. 

The dimensions and working limitations of an efficient make of 
revolving steam shovel of the revolving-platform class are given in 
Fig. 22. In column 1 of the table tlie ela.ss numbers correspond 
to dipper capacities of f, J, H or If* I or 1 (for shale excavation), 
and 1} cubic yards, respectively. 

The actual working ca^wcitles of revolving shovels depend 
upon the nature of the material, depth of cut, efficiency of liauling 
cqoipQiecit, eflicieiicy d enpneer, size, capadty, aiul efficiency of 
ahovdl, ete.^ In ordinary day, under average working oondirions, 
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A cut of from 5 feet to 10 feet, the outjnit for a lO-hour day 
should average from about .500 cubic yards, for a l-i'iibic yard 
* machiiie, to 1000 cubic yards for a l|-cubic yard machine. 

OPERATING COSTS OF POWER SHOVELS 

Revolving ^lovels. The revoh'ing shove) is oru' of the mtist 
satisfactory and efBcient machines for the excavation t)f dry soils 
when the required output dijcs not excewi alwiut 1000 cubii? yards 
per day. For light earthworlc, where the excavation is wiilcly dis¬ 
tributed over a wide area or within narrow boundaries h>r long 

P ijrant sr>rrft 



distances, this type of s)u)vel is much more e(s>nomical than its 
lai^r and heavier protot^qx-s of the fixed-platform class. I'hls 
cliaracter of work comprises allotment gnidirig, highw'ay and strcxrt 
grading, railroad oonstruction, cellar and reservoir excavation, .sewer 
trench, work, reclamation projects, stripping of quarries, o^asration 
of gravel jMts, brick yards, etc. ” 

The size of revolving shovel in general tute is the f-yard tlipper 
aumhine equipped with traction wheels. Tlie shoveb btigins at the 
.smrfaoe and works its way down on an easy dope to the final grade. 
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Tlien the path of the shovel may be varied to suit the requirments 
of the jol), hut usually it assumes the form of a series of parallel lines. 
At the completion of the work the shovel can pull itself up a tern- 
lM»rary incline by moans of a cable atta(!hed to a *‘deadman’^ pr 
anclioraj^c located in the original surface above. The path of a 
revolving shovel in excavating a cellar for a large reinforced-cron- 
crete building is shown in Fig. 23. 

Ulustmtive Example. The following example is a typical case 
of the iisir of a revolving shovel in quarry, gravel pit, or similar work, 
when^ the inagnitiide of the excavation warrants the installation of 
a transj>ortation ctpiipinent »»f track ami trains of dump cars. The 
.shoved is a 4-cubic yard dipper machine mount'd on broad-tired 
wheel.s whicdi move over heavy ])luiikiug. The material is a glacial 
clay fairly free from rock and lumlders and varying in depth from 
nothing to 0 feet. The material is duin{M.>d into bH-ubic yard side- 
tlump cars which are hauled by a <linkey engine in trains of 4 cans 
each. The follow'ing cost sc hedule is based on a 10-hour w'orkiug 
day. 


Cost of Opvratinx Revolving Shovel 


lAiltiit: 


1 <‘iiKini‘C‘r 



1 (in>in:in 

2.m 


1 InbonT 

2 (10 


Total lal)or ro.st. fu'r «l»iy 


tfi.rio 

aiul Supplier: 

) ton coal, (cV $4.U() 

12.00 


I gal. <'ylinclc‘r oil, ^ 1 . tOc 

.07 


ftallon onmeino oil, '.WUi 

.04 


Wtwtc', imcking, etc. 

.19 


Total c'ost of fu(‘l lual sniiplitwi 


r2.30 

rat ntui Onrhtad Chiiryrs: 

on 2l>->t?ar life) 

t0.7U 


Interest, («. 6% 

.S4 


Kepaira, and incidentala 

1.00. 


Totai fixed charges 


12 M 

Total Cost for 10>hour Day 


$13.34 

Average Daijy Output (cu. yd.) 


300 

Xtnit Coat of Revdlvini^lHtovet Opcaratioo, per ou. yd., 




OO.OIS 
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• In <!ellar and reservoir ex(^vation» adiere tiie average cut would 
be 10 feet and the material loam, clay, and sand, tlie daily output 
might be increased to a daily average of 500 cubic yards by the use 
of sufficient cars or dump wHg(ms to keep the shovel busy during 
00 to 70 per cent of its working time. This wouhl make the average 
operating a)at ab*uit 3 cents jx'r {‘ubit' yanl. 

In str(H?t gradings, wlu're the uuiteriul is deiist^ and compacted 
by traffic and the cut shallow or an average of 1 hxU, the fronditions 
of auctvssful ojHTation would Im‘ nu>re difficult tl»an usual. If the 
shovel were pn)|)erly supplied with JJ-cubic yiml dump w^agons, 
and effic'ieiitly o|)erate<l, the average output for a 10-hour day 
should be 250 cubic ynnls. This output would incur an ojH*rating 
c'ost of ul>out H ceutvS iH‘r cubic yanl. 

Electrically Operated Shovels. Where electric power is avail¬ 
able in large cpiuntitics and at a low cost, risvnt cxiHTU'nc«i has 
shown the ccontjmy {»f this tyjH* of iH)Wcr for the «»jHTation of jKiwer 
shovels. 

Admniage* <»/ Ekcirir Power. Where electric power is inex- 
|)eniave, the c»>st of o]^M'ratioii of an eUx-tric hovel is less than that 
t»f a steam shovel; with electric power at 'A cents jht kilow'att hour, 
the cost of oiH*ration is ulxnjt oiic-half that of steain-jxiwcr machines. 
Vndcr favorable sup[)ly conditions, the um* »»f electric power is desir¬ 
able and e<*onoraicttl for the. follt»wiiig rea ons: ( 1 ) les.s lalxjr rt*cjiiired 
for ojK*ration; eliminates the fireman and the shovel lx*coines a <inc*- 
iiian machine; ( 2 ) eliminates the hauling nnrl expense of coal and 
water; (3) greater economy of jiowcr; as iM>wcr is uswl only wdien 
operating, and steam must lx; kc*pt up continuously in c*af« of the 
steam shovel; (4) operation i.s tjuieter, .steadier, and (pucker than that 
of the steam shovel; (5) eliminat,(*s the di.s(s»mfort of freezing pif)e.H 
in ct»Id weather and of lM>ilcr tcniix?raturc in hot weather; and ( 6 ) 
ehminates the tixuihle of banking fires at night and the delay in 
getting up steam at the (ximmeTuvment of work. 

EUctrienl EtpufmetU. The prime mover i.s the electric motor 
which may be operated by either direct Or aitemating-curreiit 
acrvice. Tlie wound-rotor tyi>e of motor is used for direcrt-ioirreiit 
aerx'ice and tlie compound-wound motor for alternating-current 
service. Hie various sizes of moton for the various capacities of 
shovels ara given in Table IV. 
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TABLE iV 

Sizes of Motors for Vari<lus Shovel-Capacities 


Wi<./uHr i»F 
Shovki. 

(tiiitfi; 

UK 

(f'ti yd,) 

Pmwkh or Motors 

>luiNt .SwiuK 

Tlirust 

fl,. p.) 

(h, p ) 

(h. p.) 

:u) 

r 

50 

30 

30 


11 

50 

:i0 

30 

it.’j 

11 

60 

30 

30 

;)5 

11 

75 

:i5 

35 

42 

n 

75 

30 

.30 

(>.'> 

2 

100 

:i5 

35 

9") 

HI 

1.50 

.50 

50 

luu 

4 

>00 

HO 

HO 


The hoist <irnl swiiij? inott>ra are mounted Ixdiind their respective 
enjti'nes anti are geared to them through reduring gt^urs. The thnist 
motor is moimUtl on the upjx'r sitle of the btjom, and geared to the 
pinitms through ])roper rethicing g(*ars. 

Shovel stTvice is particularly severe on electric equipment on 
account of the liigh i)ower at low sjx'ed and the quick starting, 
stt>]>piug, and reversing of the machinery. The sudden .stopping of 
the dipper in the bank, due to cutting t(K> deep, or striking an obstnic- 
tion, or the sudden stopping of the boom in the act of swinging to 
tuie side, teiuls to stall the motor and burn it out. The use of auto¬ 
matic magnetic* controllers and magnet switches has resulted in the 
eiFicient control and ])rotection of the motor against such overloads. 

On revt>lviug shovels, a single-motor drive has been found to 
he the more satisfactory on account of the e(*onomy in initial cost 
and the simplicity and flexibility of operation. 

The current is taken from trolley wires, or a transformer on a 
high-jKiw'cr line, and is receivetl through the truck by wire cables. 
In the case of revolving shovels the current is transmitted to the 
motor above tlmmgh copper rings on the truck frame and carbon 
bruahes sus[)endi‘d from the rotating turntable. 

Fidd of V9(’fubi&is. The electric-power shovel is eiH^^dally 
adapted for underground service in mines and tunnels, for plant 
service in the bandliftg of ores, coal, fertilizer, etc., for excavation 
iu large dties, for electric street-nulway construction, and for l»ick 
yards, gravel pits, etc. Probably tiie best field of service for the 
electric-power shovel at the present time is the use of - the eketri'^ 
eally operated revolving^lhovel in the construction cd dty and inter- 
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urban electric lines. The track trenching usually requires the 
riiallow excavation of dense» hard material to a uniform grade, and 
the revolving shovel is the most efficient excavator for thi^ class of 
work. An electrically operated revolving .shovel is sliown in Fig. 24. 

Efficiency and Economy of Power Shovels. The steam shovel 
is one of the most universally serviceable and efficient of modem 
excavators. When the .soil is suffic'iently dry and firm to support 



Ki(C- 24. Eteciricctlly Opi;nii«><l IWcr Sh<;v«l 
Catuiuy of Wuiinghotut Ehetric and kfanufacturinfi CompanUt PiUdmrgh, PmnyfhAnia 


its weight and the work Is of sufficient magnitude to warrant its 
use, it can be used economically for all classes of earthwork. Hand 
shtoveling has been almost entirely superseded by powder-machine 
shoveling on work where the amount of work will jastify the cost 
ni installation of the plant. The relative economy of the two 
methods may be determined approrimateiy by estimating the cost 
{Kf cubic ^'ard by hand Igbor and the same emit by power machine, 

9U 
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including iii the totui cost by the latter method the item's of plant 
installation, depreciation, interest, and repairs. 

A c(nnparison can be made for the excavation of ordinary soil 
of loam, clay, and sand, under average working conditions, between 
I)owt!r-shovcl and hand lulair. This dis<*ussion cannot be exact as 
there are inuny ind«‘tcrrninate and variable conditions of soil, labor 
efficiency, etc., which will affect the results for the peculiar condi¬ 
tions of each case*. However, tlie student is urged to study the 
method of analysis, as it can easily l)e applied to tlie investigation 
of other methods and of other tN pes of machinery. 

IKmirattre Example, I.et us assume a loam and clay soil with 
few boulch^rs or obstructions; the hauling to be done by 2-yard dump 
wagons of sufficient number to kwp the hand .slunelers or power 
shovel busy; the cut to average h'et, aiul runways to in? arranged 
for the incoming and outgoing teams; the material first to be lcK>stmed 
in the case of haml shoveling. 

Cost of Shoveling by Hand 

iitumuimj: 


1 plow loiuii, with driver and pl*)w lioldi'r; 

Tcimi, jilow, and driver , .*a) 

Plow holder I *>() 


'J'otal Uil)or cost, |)cr day 

Pepuirs, dt>pn>ciation, etc. 1 t;() 

'Potal C\)sl of f.<Kis('ning 

Total Atnount- of Ixiuscnt'd Material {cii. yd.) -KX) 

I’nitCost of IsKiM^ning Matoriul, i>pr cu. yd., 8<i.OO-{-40()=' 

iihovdiny awl Lwuliuti: 


tti.OO 

OO-Ol.'i 


Otic intin enn shovel and loa<l aliout 20 cubic yanls per lO-hour day. 
llcnct* the plow shunld loosen enough uiatt^riai to keep 20 busy. Load¬ 
ing «luinp wagons, these men can work ellicienlly in 4 gnntps of ii men each. 
Kach group ofmen can load on an avttrogc 6 wagons jier hour or 50 wagons 
fMT lO-hour day, allowing for delays. 

1 foreman $ ,3 00 

20 laborers, @ fL.'iO each 30.00 


Total lalmr cost, per day $33.00 

llepairs, incidentals, etc. | .00 


Total Cost, of Shoveling and Loading $34.00 

Total Anuamt of Kartb Hamilod (cu,"yd.) 400 

Unit Cost of Shoveling aiui Loading, pw ou. yd., |34.00<b^» OO.Q^ 
Total Cost df Hand Shoveling 400 cubic yards 40.t]b 

Unit Cost of Hoad ^l^eling, per cu. yd., $40.00Hh400» 00.10 
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. Assume also a revolving steam shovel equipiKsd anth a l-yard 
dipper anH operated by an engineer, fireman, and 2 pitmen. With 
good wagon service, the average output will be SIM) cubic; yards per 
labour day. The shovel will load on an average 30 w'agons per hour. 


Cost of Power Shoveling 

Labor: 


1 cnRinocr 

1 firoman 

2 pitmen, @ tl-.W eaeh 

$5.(K» 

2.50 

;t.(X) 



Total labor cost, per day 


$]()..50 


Fwl arid iiupptief>: 

i ton coal, (« 

Oil and r>upplic'.s 

$:t (K) 

1 .(H) 



Total fuel and HU|>plii‘H 
dvrural ami Ovcrhmd ('hnuifu: 

Ih'linfial ion* 

Inlcrcstf 

Repairs and I lu-idcnials 

$1 (H) 
t.JO 

1 so 

$1.(K) 


.lotul fixcHl charge 


31 (X) 


Total Cost of Operation twr 10-liour Daj 
AvcniRc Daily Output (cu. yil.i 

Ihiil, t’ortt of Power Shovel OjwTation, per 
$18..'>0-f-500« 

eu. yd 

TitX) 

31K.50 

00.037 


The above data show that the <»nij>Mt is incn^ascd by 25 jMjr 
c'ent at a reduction in cost of 05 jK^r ( ni by tlic use; <»f the stoini 
shovel. The average loading time by tiaiid sliovcling was assumed 
as 10 minutes and for the steam shovel as 2 ininuO's. This means 
a saving of^about 4 minutes jaTjcubie van! by tiu; u>c t>f the steam 
shc)vel. 

If the teams are paid at the; rate; of 50 cents ]a*r hour for a 
10-hour day, the economy in tin* value of t!u; team time saved, 
for different shovel outputs, will Ik; as follows: 


Economy in Team Cost 


800 cu. yd, per 10-hr. day, at tuiii. tKK) min. 

400 GU. yd. per lO-hr. day, at 3f niia. 1200 uiin. 

500 cu. yd. per 10-hr. day, at lit nun. 1500 min. 

000 eu. yd. pae I0>br. day, at 3^ rnin. 1H(X) min. 


*BMed on 6 par eent and KO>ye«r life, 
t BMadenSparoeDtand SCKyoar life. 
t ViOm at a — r-**'— w uaad u being conaarvatiini. 


or 15 biM. @50017.60 
or 20 hrs. @ 50c 10.00 
or 2.5 hre. @ .500 12.50 
or 30 lira. @ 50c 15.00 


84S 
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Thus it will be noted that the saving in team time per 10>hour 
day, on the basis of an efficient shovel operation of 600 cubic yards, 
is nearly enough to pay for the oi)erating cost of tlhe shovel. Hence 
it is likew'ise true that the ect>nomy resulting from the efficient use 
of a ptiwer shovel is often equal to the entire cost of shoveling and 
loading by hand methcKls. If the job comprised the removal of 
45,(KK) cubic yards oimI hand shoveling cost 10 cents per cubic yard, 
the use of a steam revolving sho^•el would effect a saving sufficient 
to pay for the cost of the machine. 

DREDGES 

DRY-LAND EXCAVATORS 

Preliminary Discussion. The steam shovel is not well adapted 
to earthwork iijM'rations on wet or soft soils on account of the con- 
<*eiitrution of the heavy load of the machine and loaded dippe^r over 
a long, narrow' area. The crane or boom of the power shovel is 
short, of heavy constructitm, and produces great pressure over a 
small area of base. Hence, for the excavation of soft and w'et .soils, 
especially on rt‘<-lamation projects, it became nectissary to devise a 
machine, similar in <*onstruction and operation to the power shovel, 
but with the huul ilistributctl over a wide base and with a long boom 
for the direct r<Mnoval of the cxcavatetl material to spoil banks 
adjacent to the excavation. Thus was develo^x'd the dretlge. 

Classification* Dn'dges may be dividwl into two different 
classes: dry-land excavators, and floating excavators. The different 
types of dry-land excavators will l)e considered in this sc'ctiop and 
the different types of flouting excavators in the following section. 

Dry-land excavators are tlio.se which move over and operate 
from tlio surface of the land. They may be classified as to their 
construction and method of operation as follows: scra])er excavators, 
templet excavators, whwl excavators, tow’cr excavators, and walk- 
ii^ excayatora. S<‘raper excavators may be sulidivided into 
two general clas.ses, as to their method of operation; the stationary 
dredge with pivoted biiom, and the revolving dredge or excavator* 

STATIONARY SCRAPER EXCAVATOR 

During the {last decade, the reclamation of thousands of acitii 
of wet land in the Middle West and South> has required the ctm» 



EARTHWORK 4& 


Btniction of drainai^ ditdies. Ftn* this work the stat^nary dredge, 
a light p<»1able t}i)e of excavator, 1ms been designed particularly 
for the economical excavation of tlie smaller sized ehannela. This 
machine is stationary only as regards its position during excavation, 
ds it is a traction machine. 

Construction. The machine consists of a framework of stand¬ 
ard structural-steel shapes, supported on two trucks. Each truck 
comprises a heavy steel axle with two broad-tired steel wheels of 
.')-foot to 6-foot diameter. Some makes of excavator are supported 
on catemillar tractors so as to distribute the load more uniformly 



Kir 2H CRl^irpilUr TnuiUir 

over a larger area of wet soil. As in the view of one of these tractors 
in Fig. 25, the framework supjKnts the operating and excavating 
equipment. An excavator loading ears is shown in Fig. 26. 

(grating Equipment. Near the front end of the platform are 
placed the operatihg drums and gears which are belt-connected to a 
kerosene or gasofine engine mounted near tlie rear end of the puli' 
fenm. The hoisting and drag-line drums are controlled by friction 
dutches operated by levers. 

Tlmse light excavators are operated almost entirely by internal- 
omnbustion engines as diey ate clean, compact, easy to operate, and 
economical. A 25- to 504ior3epower Imrosene or gasdine engine is 
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U£^, depending on size and eaparity of machine. With a |-yard 
bucket and 50-foot Iwom, a 4li-horsepower engine is of sufficient size 
to furnish the power for the excavation of all classes of sinls. The 
engine is equipped with forceti-oil feeder, gear-driven magneto, car¬ 
bureter, tlm)ttle, governor, hirge oil tank, et<\ 

Excavating Equipment. The excavating equipment c*onaists of 
the boom, aial bucket or stfuip. The lHH)m is made of steel channels 
luttimi and brncetl with truss rtwis. The lower end rests in a uni¬ 
versal joint at the frimt end of the phitft»rm, and the upi)er end is 
supporter! fn)m the A-frame by c’ahles and <*aiTies tl»e sheave over 
which the hoisting <‘al)!e pii.sst's. 'I'he bucket is a steti aawp pro¬ 
vided with t<H>l-stcel teeth for the excavation of dense* and hanl soils. 

Method of Operation. One man is rcquirwl to oi)erale the 
niachinc and he stjuids at the front aiul t'ontnds the machine by a 
.s<*t Ics crs. The hiH'kct is lowered to tlu* snrfues' by releasing the 
hoi>ting line. I’licn the drag line is hauled in and this pulls the 
bucket toward the nmehiue, scooping up a thin slice of earth during 
its progH'ss. When the bucket is near the machine and ffihd, the 
bo<un is swung to one side until the bucket is over the spoil bank, 
when it is invcrtctl ami dum]M'd. 

Field of Usefulness. The stationary dredge of the light, ixut- 
ahle type of construction is rapidly developing a wide field of eco¬ 
nomic service in earthw’ork. being simple and light in constniction, 
the machine can be set up in a sh(»rt lime aiul can move readily over 
fairly level ground. 

In recluinutioii work, this excavator is efTicicnt in the excava¬ 
tion of open ditches up to about 40 feet in widtii. It can be used 
a<lvantageously f<»r the eleuiiing out of old diteh«*s wliieh have 
become silted up. For the excavation and hack filling of trenche.H 
for drain tile friim 21 inches to 42 inches in diameter, the scraper 
excavator is very efficient. 

Whc*n highw'ay and railroad w'ork are in wet soils, the light 
scraper excavator has proved its arlaptahility in the construction of 
cuts and embankments* The (*ut3 can l>e made to any desired side 
slope mui to any detith or width by making one or more trips on the 
same or different levels. The machine can borrow the material 
from one or both sides imd oonsttoet the side ditches in the making 
of embankments. 


ur 
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The cost of operation will vary from 4 cents to 10 cents jper 
cubic yard for an output of from 1000 to 500 cubic yards per 10- 
hour day, dej>eiiding on soil conditions, efficiency of the operator, ' 
etc. The machine is gtmerally operated by one man and "one or more 
men are necessary for general service in the pit and about the work. 

REVOLVINQ EXCAVATOR 

Methods of Mounting. The most generally used type of dry¬ 
land scraiKT-bucket excavator is the revolving tyi)e. These machines 
ina>' Ihj mounted in three <lifferent ways as follows: 

(1) C)n skids and rollers, when the machine travels over the 
planks laid on the surface. The machine moves ahead by pulling 
itself up to its bucket, which acts as an anchor. 

(2) On trucks, when the machine is mounted on small, steel, 
4-wheel trucks. 'Hie machine moves ahead as in the case of 
skids and rollers. 

(2) On caterjnllar tractors, when the machine is supported on 
4 moving platforms which are especially uda{>ted for soft soil condi¬ 
tions ami allow the machine to move ahead without the use of 
planking, tracks, etc. 

Construction. The essential parts of a scraper-bucket excava¬ 
tor are the substructure, consisting of the upper and lower platforms 
anti turntable; the power equipment; and the excavating equipment. 
These essential parts are practically the same, as regards their 
niethtal of operation, for all makes of drag-line excavator. These 
jwrts Jire shown in Fig. 27. , 

The suhstnicture consists of a lower platform, an intermediate 
turntable and. an upper platform. The lower frame consists of a 
rectangular framew'ork of structural-steel shapes. The frame is 
mounted in one of three ways stated above. Upon the upper sur¬ 
face of the low’er platform is fastened the track upon which runs the 
moving cirtie. In the center is located the lower section of the 
central pivot. 

The turntable cemsists of a. swinging' cirde, which b a steel 
frame c4jurr;>*Uig a series of flanged wheels. 

. ^le upper framework or platform conasts of sted shapes 
framed ligidly together. Upon the lower |urfaoe of its frame is 
{dac^ thb upper seeddn of the central pivot. 
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Power Equipment Scraper-bucket or drag-line excavators may 
be operated by steam, electric, or gasoline power. The steam equip¬ 
ment is tlie one generally used and will be discussed first. 

Steam Power, The power equipment of a steam-powejr ex^a-, 
vator coimats of the boiler, steam pump, injector, feed-water heater, 
main, and swing engines. The boiler may be either of the horizontal, 
locomotive type or of the vertical, submergwl-tube type. The 
former is the more efficient for hard usage and the latter the more 
ecotiomical of space. A steam pressure of about 12r» pounds is ordi¬ 
narily maintained under average conditions. A steam jmmp of the 



Fic. 3H. Int«ri(>r View of Srmner Burkot Bxoav»tar. A, A-Frame; ff, Bitilm: C, 
Hoiiitinti Bnirinp; D, Few-Watpr K, Dwk Wtrw'h; F, Swiniting 

Erndne; Q, Fwd-Wster Purap 

CourUty of Lidgertraoit Manujarturifig Ctmpany, AVie Vork CUy 

Standard duplex type is generally connected to a water supply from 
which tlie boiler is funiished by an injector. A feed-water heater 
is often necessary to purify alkali waters before they are admitted 
to the boiler. 

The main or hoisting engines are of the horizontal, double- 
cylinder, friction-drum type. The swinging engine may be a part 
of the main eiigm® of a separate mechanism. The tatter method is 
the more satisfactory. The hoisting engine in tlus case has two 
drums, one for the heiiitiiig cable and the other for the drag line. 
Th| 0 e drums are often contrdied by double-hiDd outside frilirim} 

ase 
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clutches operated by auxiliar}^ steam rams. The saiiiipng engine is 
of the steam, reverse type and drives, through a chain of gears, a 
pinion adiich operates the large circular rack on the lower frame. 
TT^e power equipment of a t.vpical drag-line excavator is shown in 
Vig. 28. 

Eletinc Pmver. Where electric jwwer is available and reason¬ 
able in cost, it is advisable to use elet'tric motors, in place of tlie 
steam-boiler equipment. Either alternating or direct current may 
la? use<l. The intaors may Ik* gear or Iwlt-connected to the shafts 
of the hoisting and swinging engines. The drums of these engines 
are controlled by outside-band friction clutches, which are actuated 
by pneumatic-thrust cylinders. A small l)elt-connecte<l air cH»ra- 
pressor with receiving tank supjdies the comj)ressed air for the rams. 
C>n a 120-ton machine et|uip[M*d with a 2J-ynr<l clip[M*r, a lirj-horst> 
pnvver, f)(^‘ycle, 3-phase motor for the hoisting engine, and a .50- 
horseiHiwer, (iO-c*y<‘le, 3-phasc^ motor ft)r the swinging CTigine are 
suitable for the jKiwer equii)mcnt. The ettst of current will vary 
from J to 1 cent per cubi<’ yard, dcfiending on the market prior. 

The reliability, cleanrmess, and economy of this form of iH>wer 
are strong factors in favor of its use. It has ])rove<l very atlvanta- 
gCHUis in reclamation work in the arid regions of, the West, where coal 
and water are scarct? and cxi>ensive, and cli'ctric |M)W«*r is available 
from near-by transmission lines t>f w'ater-f.ower plants. 

Gamline Pourr. Gasoline ainl ken.^enc engines have been 
snc'cessfully usetl in the oiH*ration of the ma<*hinery of the smaller 
sizes of soraper-bueket excavators. The engine is inountixl on a 
base just to the rear of the drum mechanism to which it is* belt- 
connected. A 50- to 80-hor'K*jK>wer engine is nccr.ssary for the 
efficient operation of hoist and swinging engines, The drums of 
tfie hoisting mechanism are provided with outsidc-lmnd friction 
dutches, which are controlled by pneumatic-thrust cylinders. 
Double-cone friction dutches are iis<*d to operate the drums of the 
swinging mechanism. A small air comprc.ss(^r actuated by a belt 
connection with the engine furnishes r'orapressed air to a receiving 
tank. The air is supplied to the thrust cylinders, which operate 
the band friction clutches on tlie drums. A water tank for supplying 
water to cod the engine cylinder and a gasoline supply tank are also 
placed on the upper platform near the en^ne. 

. m 
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The gasoline engine is the most economical type of prime 
mover or power producer in localities where coal and water are 
scarce and expensive, and electric power is not available. 

Excavating Equipment. The excavating equipment conrists of 
the A>frame, boom, and bucket. 

The A-frame is generally a framework, shaped like the letter A, 
composed of wooden or steel members. This frame is located near 
the front end of the platform. The top of the boom is connected 
by cable with the top of the frame which is also guyed back to the 
tw’o rear corners of the platform. The top of the boom may be 
raised and lowered b> means of a wire cable, which passes from the 



1 iir .*'* I'nK*’ r Itiu koi 

end of the boom over a sheave at the top of the A-franie and thence 
down to the deck winch. 

The boom is generally a steel framework which is pivoted to 
the front end of the platform. The upper end of the boom is framed 
so as to form a boxing for one or more sheaves over which the hoist¬ 
ing cable passes. 

The bucket may be one of three tyi>e»: tlie scraper bucket, the 
dam-shell bucket, and the orange-peel bucket. The last two types 
will be discussed in the section under **Floating Dipper Dredges*', 
Part 11. The scraps bucket is tlie type generally used with a 
drag-liiie excavator. It consists of a box-shaped scoop made of 
heavily reinforced, shapq^ plates. The lower^ front edge b 
the catting edge ai^ is made of manganese steel and for hard material 

' m 



EARTHWORK 


53 


is provided with teeth. There are several makes of these buckets, 
which differ only in their details of construction. The Page bucket 
is shown in Fig. 29. 

^ Method of Operation. A hteum-o])erated machine requires the 
services of four men: an engineer, a fireman, and two laborers. The 
engineer stands at the front end of tlie platform and by means of the 
levers and brakes controls the entire oiKjrotion. The fireman keeps 
the boiler fed with fuel and water and has general supervision of 
the machinery. The laborers a«’t as intmon and are of general serv- 
i('e about the machine. The fireman can l>e eliminattHl in the case 
of the exca\ators oiJcratctl by electric motors or internal-combus¬ 
tion engines. 

The operation of excavation c«>ininences with the bucket in the 
first j> 0 !>ititin slunni in Fig. 27. The engineer releasi's the hoisting- 
line and drag-line drums and allows the bucket to drop to the surfa<'e, 
where it will Ik* in the second tM)sition shown in Fig. 27. In descend¬ 
ing, the weiglU of the bucket maintains its vertical {msitionand forces 
the cutting c<lgc into tile s*)il, giving it an initial hite. With the hoist¬ 
ing line still releuMsl, the o]M*rutor starts up the drag-line drum and 
pulls the bucket toward the machine. The fir^t pull on the drag 
line tilts the bucket to the proper }M>>ition for the jicnctration of the 
M)!!. Ry a slight manipulation of the hoisting line, the pro)>er angle 
of the bucket may he kcjjt fi>r a deep cm in sj)ft soils f>r for a thin 
cut in hartl soils. When the bucket is filled, the drag-line drum is 
set and the hoisting drum is startl'd, and this automatically raises 
the front end of the bucket and thercl)y prevents the spilling of the 
contents during the sw'ing to the .spoil hank. The front end of the 
bucket is held up by roeuns of the tension of the dumping line which 
is the upiK*r branch of the drag line. See third position of the 
bucket in Fig. 27. When the dimifiing im.sition is reached, the 
ofierator releases the drag line arwl the bucket revolves into a vertical 
position and dump.s. The tension i.s appliitl or released by pressure 
on the brake lever actuating the drag fine and hence the operation 
of dumping is alw ays under the control of the operator. 

Cost of Operation. The cost of operation of a soaper-bucket 
excavator depends on the class of W'ork, the kind of material to be 
handled, the sise of the machine, tlie efficiency of the operator, the 
character cost of the power usefl, etc. 


SM 
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Illmtrattce Example. The type of machine in general use*is a 
steam-power excavator, equipped with a 25-yard bucket. Such a 
machine, on ditch or railroad construction should excavate about 
1200 cubic jard** of loam and clay during a 10-hour working d^y. 
The following is a typical case of the cost of operation, under such 
conditions, for a 10-hour day: 

Operating Cost of Steam-Power Scraper-Bucket Cxcavator 


I <ngino('r $•"> (X) 

1 (in ni in i (X) 

2 lubonss, @ To mih 3 ’K) 

1 touin and driver (hauliriR roul, otr ) 3 fA) 

Total labor cost, jmt day $!*> 00 

f}iipi>heH 

2 tons of coal, (<» St <X1 fS (X) 

Oil, and waste I 73 

VIatcT 0 3) 


Total fuel and supplii s tlO 10 

Genrrnl nnd Ova head Kx(h ns< s 

[Ic'pons $4 (X) 

Incidtsilid expense’s 2 00 

Di’pn'i 1 it ion < 10' <' of * 10,0<Xt)* 5 (X) 

Interest (6' o of SlO.OOOj* 3 (X) 

Total g( neral and ovi rhi mi e\i»ense $14 00 

Total Cost of Opi’iation for 10-lir Day 139.10 

Average Daily FAeavation (eu yd ) 1200 

Unit Cost of Sc ra{)er-Buik.et Excavating, cu yd., $39 10-1-1200 « 00 033 



f-J l-if'ji tjjf'M rJXM I 

--v-e-n 


umziTdiCTSthjkAH'ik^’:. 


_3(1 Di^aiwmof UaiWatiaDset Dna-Ltoe EacavatMt 

^ * BimmI (MB • bit of 10 >-«■» oad 200 warioaadioro par yw. 


m 



EARTHWORK 


55 


.Field of Usefulness. The field of work of the drag-line exca¬ 
vator has become a ^^ide one sdnre 1910. Its early use was largely 
in reclamation work, the construction of ditches and dikes on irriga¬ 
tion and drainage projects. Its great length of boom gives this 
excavator a wide radius of operation and permits of the deposition 
(»f material in spoil bunks at a sufiicient distaiu'e from the sides of 
the cut to prevent caving of the hanks. The drag-line principle 
{)ermits the excavation i>f material at a (considerable depth below 
the surfacce and its elevation to a corre.s{)ondingly high elevation 



Pile. 31. R«>v(itvin«r Exciiv»(nr on CatprinlUr Tr«4‘t»r Oprnunff on Ilrttiniice Work 


above the surface. The limitatioas of the drag-line excavator are 
shown in Fig. 30. 

The use of the caterpillar tractor allows a heavy machine to 
move over soft, wet soils on drainage work. The machine start.H at 
the lower end of the canal and excavates as it moves upstream, thus 
allowing the surplus soil water to drain oflf through the new channel. 
The careful operation of the bucket will result in the construction of 
a canal with smooth and uniform bottom and side slopes. An 
example of this class of earthwork is shown in Hg. 31. Recent 
ei^rience in the South and West has proved the efficiency of this 
type of excavator in the construction of dikes and earthen dams on 


m 
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reclamation projects and embankments on railroad work. Tlie 
machine moves parallel to the work and Ijorrows the material from 
one side, or moves ahead of the work and borrows the material from 
iKjth sides. , 

Earthen dams and dikes/ if of large size, should be made in 
layers of about 6-to 8-inch depth,, and each layer wetted and rolled 
by a heavy steam roller before the deposition of the material for tlie 
next layer. Small dikes and railroad fills can be satisfactorily 
built without wetting and rolling. The drag-line excavator saves 


' ■ .. ■' '■ la 



Pig. 32. Dntg'Ijoe Kxcavstor Operating »n Plneer Mine in Siberiit 


the haulage equipment necessary in this class of earthwork where 
either an elevating grader or a power shovel is used. 

The scraper-bucket excavator is very efficient in the excavation 
of gravel pits and in stripping soil from quarries and mines. When 
the pt»wer shovel has become drowned out of a pit which has been 
flooded, the drag-line machine can w’ork from a higher lerol and 
excavate for a considerable distance below the water. ' Eig. 32 
shows a drag-line excavator, equipped with a l|-yard bucket and a 
65-foot boom, which operafesd successfully in 1915 on a large {daear 
mine ix|^eastern Siberia. Sudh a machine baa proved to be vmy 
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economiral where conditions do not warrant or permit tlie use of a 
large hy<!raulic dredge. 

TEMPLET EXCAVATOR 

Considerable difficulty has been experienced in the maintenance 
of drainage and irrigation channels. This has Ix^en caused by their 
rapid filling uj) with silt, debris, and vegetable growth. Many forms 
of dre<lgcs wmstruct the channels with rough bottoms, uneven sides, 
and steep banks, which are subject to subsequent caving. These 
irregularities in the surfac'cs of the channels retard the flow of the 
water and augment the deposition of silt, d6bris, and other heavy 
inati'rials curried by the water in sus|x*nsion. During tlie decade 



I'i*. 34. Narrow-Uottum Templet Excavator 
Vnurh»y o/ r. C. .4ttx/ta Oniitiait* Btentatat Company, Chu^iga 


liH)5-'1015, a unique type of excavator, called the templet excavator, 
came into use for the construction of open ditches with true and 
smooth side slopes and grades. 

Construction. A double-faced, reversible, positi>‘eK*leaning 
bucket moves along a guide frame, w'hich is slia])cd at its lower 
section to the desired cross-section of the ditch. The guide frame Ls 
supt»orteti on a platform or framework composed of struetural-steel 
members, strongly braced and bolted together. This platform is 
su|>ported on wheel trucks or caterpillar tractors, wMch are neces¬ 
sary for soft, wet soils. Templet excavators with wide and wkh 
narrow frames are shown in Rgs. 33 and 34, res^)eG(ively. 

Pow*f Equipment Poa*er for the op^tion of the maddne 
may 1^ famished by a ^steam-power equifMment or by an tntenml- 
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Gombustioii engine. The latter type of power equipment has gener* 
ally been found to give very satisfactory results and to be deaner» 
cheaper, and simpler in operation than the ordinary steam |dant. 
If a steam engine and boiler are used, a 25“howepower to 40-horse- 
power engine will be requiretl, while a gas engine for the same 
machine should have from 50 horsepower to 80 horsepower. The 
power plant is mountcii on the central part of the platform and is 
operated with a set of lexers by one man. 

Excavating Equipment. 'Fhe excavating equipment eonsLsts of 
the gmile frame and the bucket. The guide frame is made up of 2 



FiC. 3&. IJmKation* of Ti'inplot Eiciivutor with Nurrow-Ilotloin Frame 
CouHtDU of P V. AuiUirt ttrainnoo t^mrutinr Campany, f'hintoi 

steel members which are placed parallel and form a tra(*k over which 

the bucket moves. This frame is made in two shapes at its bottom 

section to provide for the exeax^ation of narrow and of wide ditches; 

the side slopes are nearly 1:1. The frame is well braced by steel- 

frame members and can be raised and lowered through the platform. 

The bucket is a rectangular-shaped box witJi 2 open ends and 

cutting edges. A plunger head fits inside the box section. 

Method of Operatkni. llie gui^g frame is lowered to the ground 

suilaoe and tim bucket drawn down and along the bottom of the 

fimme. -. As it moves along it cuts a tlun slice df earth which is 
*■ m 
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carried on to the upper section of the frame. Here trips are located 
and they push the plunger head through the bucket and thus the 
contents arc discharged into either wagons or cars or upon a spent 
bank below. As tiic bucket moves back and forth almig the frame, 
the latter is lowered so as to gradually feed the bucket into the 
earth and increase the depth of cut. Thus a section of <htch prism 
alamt feet in length is made with one position of the machine. 
The machine then moves ahead and cuts another section of ditch, 



Fig. 30. LimiuUong of Templet F'xcftVittor with W'ide>Bottom Fran* 

Cuuritati of F. C. Au*iin Dminago Sxeatalor Companu, Chieago . 

and so on. The limitations of the two types of templets—‘narrow 
and broad iKittoms—are given in Figs. 35 and 36. 

, Cost of Operation. The gasoHne>power machine equipped with 
cutcri>illar tractors is the type of templet excavator, whidi is most 
generally used in the excavation of channels in loose and soft soils. 
For the operation of tliis machine a crew of 3 to 4 men would be 
required; an engineer^ an as^stant, a labcuer, and a tmmst^. A 
steamniperated maeUne, run on a track would require the servioes 
0 # one or two extra men to haul fuel, move track, etp. The ei^pnetf 

operates the iiank of levers which control the movement ttf the 

" a 
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l>u<^» the nisingaiid lowering of the framei and the traetive move- 
ment of the machine along the surface. The asristont keeps the 
madhineiy oiled and in good woridng order. The laborer provides 
planking or tracking where necessary, and does general service about 
the madiine. The teamster hauls the gasoline, water, and supplies 
necessary for the work. 

lUiuirative Exam pie. The cost of operation of a typical machine 
in the construction of a drainage channel through alluvial suit under 
favorable conditions would average alM)ut as follows for a 10-how 


day: 

Operating Cost of Templet Excavator 


Labor: 

1 onginror 

$4 00 


1 aaiuatant 

2 50 


1 laborer 

2.00 


1 team and cinver 

3 60 


Total labor roHt, |K>r tiuy 


$12 00 

Fuel arul Supjdux: 

35 gallonii of gasoline, (n. 2()(' 

$7 (K) 


Oil, waste, etc. 

1 (X) 


Total fuel and euiipbes 


$8 00 

General and Overhead ErpmseK: 

Depreciation {VlV/o of $12,(KM))* 

$10 (M) 


Interest (0% of $12,(KK))* 

t 80 


Ilepaim and incidentals 

A 20 


Total general and overhead cxis^nw 


$i0 (K) 

Total Cost of Operation for 10-hour Day 

Total Excavation (cu. yd.) , 


700 


Unit Cost of Templet Excavating, p(*r ru, yd., OO-i-700 » 00.050 

Field of Usefulness. A water channel, to secure highest effi¬ 
ciency of operation, should have a true grade and uniform and 
smooth side slopes. On irrigation and drainage projects, the dis¬ 
tribution canals and open ditches are peculiarly susceptible to filling 
up with silt, debris, and vegetable matter during seasons of low flow. 
In the case of small ditches, this filling up may become so great in a 
few years as to render the channel practically useless. This means 
t^t these Mrdficud waterways must be cleaned out every few years 
fa order to mamtain their efficiency and capacity. In order to 

a IhMd MIM ftorUac Sayi A rear «ad M 8<9Mr Bfe. 
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reduce this maintenance expense to a minimum, it is 
construct the channels as nearly mecham<»IIy perfect as po^fe. 

The templet excavator is the best form of excavator for tiie 
construction of an open channel, where the soil conditions are favor¬ 
able. In alluvial soils, such as loam, day, sandy loam, and 
the machine does very satisfactory work. But in hard soils, stich 
as hard pan or indurated gravel, and in lands where many 
tions such as 8tum[)s, boulders, and roots occur, the progress is slow 
and difficult and the work expensive. ^ ,, 

WHEEL EXCAVATOR 

The wheel excavator is a machine which has been devised to 
excavate small open ditches on reclamation work. Most types of 



Fig. 87. Wheel Esnevator Conatructitig Hmeli Dminage IHtch 


excavators are unfitted on account of size and method of operation 
to construct the smaller lateral ditches of drainage and inigatlon 
systems, and there has been a great demand, beginning in the 
dcca<ieof 1905-1915, for a small, light, portable machine, which can 
excavate to a tme and uniform cross-scctioiu . 

Construction. The ditcher consists of a frame which supports 
the power equipment on the front end, and a pivoted framework 
eontaming the excavating wheel on the rear end. The platform 
BUiqported at the front on an axle which has 2 broad-tired steel whedi^ 
aid alf the rear by 2 haterpUIar tractors, which allow theMnachine 
to open^Jn wet, soft seds. A view exq|vator e<^ 

dnurtmi; a small drakiiq|e diStiKdls ^ .. 
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Ptwtr Eqiilpmeiit The power may lie applied either by a 
steMii or internal-combustion engine. The eaijlier machines were 

* supplied with the former type of engine but the more recent machines 
are»fieaiiy aU equipped with gasonne enipne.^. These gasoline 
engines are genially of the marine type and made with 4-cycle 

• multiple cylinders, ranging fnim 20 horneiMiwer to 90 horsepower. 
They are provided with high-tension magneto and dual ignition. 

The motive power is traiLsmitted to the wheels either by sprocket 
chain or bevel-gear drive. 

Excavating Equipment. 'JThe excavating equipment consists of 
the excavating wheel and belt conveyor. The whet*i is an o^ien steel 
frame, around the periphery of which are attached from 8 to 12 



Pin 3S Diaxmin of Opwral DitiMMiHtutin and Spis'itimiKmii of H hwl F.scavflUira 

buckets of scoop shape. At the rear and near the iipfier {mrt of the 
wheel is placed the belt convenor, which pniject.s out a considerable 
distance either side of the machine. 

Mediod (rf Operation. The excavating wheel revolves cither 
on a central axle or anti-friction w'heels placed along its rim and 
each bucket cuts out a thin slice of earth which is deporited on the 
Bmcfaine end of the belt conveyor, wlien the bucket reaches the top 
cl the wheel. Hie operator gradually feeds the whed into the 
ground aa the wheel Rvolves. After one section has been dug to 
die tequi^ depth, the machine moves ahead several feet under its 
power and another secdon is dug, and so on. The sizes, limita- 
‘deoa, and edpaqities of various sizes of a wdKknown make of 
JdM excavaiet ht given m Fig. 38 aiid;^ble V. 



TABLE V 

Qencrai Dimensions cf Wheel Excavators 
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, Cost of Operation. Tlie cost of opmtion depends on the siee 
oi the job, llie size end m^e of excavator, the character and condU- 
tion of the soil, the efficiency of the operator, etc. 

lUv^raiite Examfde. With a macMne which digs a ditch with 
a tdp width of 4 feet 6 inches, an average depth of 3 feet 6 inches, 
bottom width rounded to 12 inches, and side slopes of about i:l, 
the average cost of operation for a 10-hour day wrould lie about as 
follow's: 

Operating Cost of Wheel Excavator 


Ijahnr- 


1 optvtttor, @ tl25 })er inont h 

$4 

00 




1 atttflstunt 

2 

.'U) 




1 Ia(>or<*r, @9200 

2 

00 




1 t(>ain and driver 

3 

50 




Total labor ront, per day 



tl2 

00 


Fwl and Supidutt: 






30 gallons gasoline, @ 20e 

$0 

00 




Oil, waste, and supplies 

1 

00 




Total fuel and supplies 



»7 

00 


(ttneral and Omrhead Charges: 

• 





Depreciation (12J% of 16000)* 

Vi 

00 




Interest (6% of fOOOO)* 

2 

40 




Kepairs and incidentals 

4 

60 




Total general and overhead expense 



$12 

00 


Total Operating Cost imr lO-hour Day 





131.00 

Average Progress per Day (ft ) 



2000 



Average Daily Excavation (cu yd ) 



700 



* I'nit Cost of Wheel Excavatuig, per cu. yd 

, f3100-t>700» 

00 044 


Field of Usefulness. The wheel excavator is the most practical 
form of excavator for small ditches where the soil conditions are 
favorable. This machine cannot excavate ecvmomically very hard, 
dense soils, or w'here large quantiti*^ of stumps, boulders, and other 
obstructions are present. In glacial clay, alluvium, marl, and 
sdmilar soils, this excavator operates very smoothly and satisfactorily. 

In irrigation and drainage systems, where the smaller ditches 
run full only a small part of each year, a Iwge amount of rilt, debris, 
and vegetation gradually accumulates. These obstructions in the 
course of a few years will gradually fill up and groatiy reduce the 
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caiTjang capacity of the channels. Hence it is necMsary to cpn- 
slnict the smaller (‘hannels to as near true grade and cross-section as 
is pructicahle. In open, porous soils, such as occur often on irriga¬ 
tion projects, it becomes necessary to line the ditches with some 



impervious material such as concrete to prevent large seepage losses. 
In such cases it is a great advantage to excavate a dianneh which 
is to be .'Uibsequcntly lined, aith a true grade and smooth side ^pes, 
so that the form work for the concrete may be set without the extra 
labor an^ expense of trimming and shajnng the excavation. 
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TOWER EXCAVATOR 

The tower excavator is a unique type of machine which was 
developed and used with success several years ago on the Chicago 
Drainage Canal and recently on the construction of tlie New York 
State Barge Canal. As will be seen fn.>in Fig. 39, this excavator 
derives its name from its principal part, which is a movable tower. 

Construction. The tow’er is a framed, limlxr structure, the 
height of which is detcrmintMl by the width of the area to be exca¬ 
vated. The tow'or rests on a platform or car, which is braced 
by overhead, horizontal-chord, combination trusst^s. I'his’ car is 
mounted on 4 soli<l, double-flaiigi'd cast-steel whwis g<mcrally almut 

14 inches to IG inches in diameter and with 4-ineh tn^ads. The 
wheels nm on a track, wiiich ct»nsists of SO-pound to 9G-pound rails, 
spiked to cross ties, which are bolted to 30-foot planks. The car 
and tower are moved ahead by a cable which passc's over a sheave 
on the car and thcnc*e to a “deadinan” or anchorage placed at a suit¬ 
able p<»int ahead of the car, and then back to a tlnini on the engine. 
The tow’er is bracwl to the car by cables which extend from the top 
of the tow’er to the rear corners of the car. 

Power Equipment. The pow'er equipment is ])la(xsl on the rear 
of the car and consists of a vertical Iwalcr and a double-drum hoi.st- 
ing engine. The engine is usually of the vertical, rtivcrsible tyjje, 
with double, 40-inch by 12-iiich cylmd*‘rs, and equipped with 
friction-clutch control for the drums. 

Excavating Equipment. The excavating equipment conrists 
essentially of a 2-line s<*rai)er bucket. At the n‘ar of the bucket is a 
frame carrying 2 sheaves at right adgles to the cutting edge, which 

15 strongly reinforced and providwl with teeth for the excavation of 

material. On the bottom of the bucket are attached 2 curved 
sb’ms, or shoes. The fremt of the bucket is connected to the drag¬ 
line drum of the engine by a cable w liich passes over a sheave sus^ 
pended on the front side of the tower about \ of its height from the 
base. Another cable extends from the hoisting drum of the engine 
over a sheave at the top of the tower, then between the sheaves on 
the bid] of the bucket and then to an anchorage at the far side of the 
excavation. 

Method of Opendioii. The bucket is lowered over the hoist 
fine by allowmg it to alkie down the cable by its own weight, to riie 
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far side of the cut. Then the bucket is loaded by pulling it toward 
the tower by winding up the dragdine cable. When the spoil bank 
is reached, tlie hoisting cable is raised and the bucket is overtiwned 
and dumped. The bucket is returned to the excavation by still 
further tightening the hoisting cable and releasing the drag-line 
cable, whereby the bucket rises and slides back to the starting 
lioint. Where a tower 05 feet in height has been used, a reach of 
210 feet fn)m the far side of the excavation to the near side of tlie 
simil bank was attained with efficiency of oiHTation. A bucket, of 



Eu>ATm 

ria. 40. TlincniTn of I)oiiWo*Towi*r Excavator 


2-ciibic yanl capacity, made an average output of 3 cubic yards and 
was operated at the rate of 4 cubic yards per minute. 

A ert'w of from 5 to 9 men is required to operate a tower exca¬ 
vator; deiHmdiiig on the magnitude of the job, the character of the 
material to be excavated, etc. Under average conditions, there will 
lie requirtxi an operator, a fireman, a team and driver, and 3 
laborers. Tlie operator is stationed on a platform on the rear ade 
of the toweir and at about | its height. He controb the machine 
by a set of levers and brakes and has an imobstructed view of the 
»work. The fireman keeps the boiler and machinery supplied with 
fuel, water, and oil, and in'^proper woridng oondition. The team aad 
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driver haul fuel, water, and supplies to the w<Hrk. Tlie laborers 
move the track and perform general s^vice about the work. 

Double-Tower Excavator. A double-tower excavator was used 
dome years ago on a section of the Chicago Drainage Canal. A 
diagrammatic view of this excavator is shown in Fig. 40. As vnll be 
noted from the plan, the inclined booms were so designed that a 
.straight line from the apex of either tower to the point of the oppo¬ 
site boom, clears the side of the tower. This allowed each bucket 
to clear the tower and empty directly on the adjacent spoil 
bank. 

A double-drum hoisting engine was located on the side of the 
platform of each tower. Each bucket was operated by a drag line 
and a hoisting line. The buckets w'cre loaded, dumped, and returned 
to the excavation as is de.scribed above for the single tower excavator. 
By clianging the location of the suspended sheaves, the position of 
the bucket in digging was altered so as to reach the entire half width 
of the canal prism. This machine, in the excavation of a canal 
section having a Ixrttom width of 26 fetjt, side slopes of 2:1, arai an 
average depth of 27 feet, through a clay soil, did very satisfactory 
work. 

Cost of Operation. lUmiraiive Example, The following may 
be taken as an estimate of the cost of oi>eration of a single-tower 
excavator, equipped with a 75-foot towtr, controlling a 25()-foot 
width of excavation, a 2-yard scraper bucket, and a 10 X 12-inch 
double-drum, vertical hoisting engine. The excavated material would 
be dumped upon a spoil bank at the tower side of tlie excavation 
and into wagomi or dump cars by means of a loading platform. A 
train of f<»ur 5-yard dump cars would be loaded in about 15 minutes. 
An average output of 600 cubic yards would be attained in tlie 
mmavation of a glacial clay under average working conditions during 
a 10*kour working day: 

Operating Cost of Slngto-Tower Excavator 


£e6or; . 

1 oigmear 14.00 

2.SO 

I team sad driver 3.50 

3 laborara d fSLOO esdi 6.00 


Total lobar eeat, per diQT 


116.00 
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Fuel anti SupfAiea: 


} toil of tml, («f $4.00 
()il, and wasto 

$3.50 

0.50 


Total fuel and HiippIu'S 


$4.00 

(ieneriil ami Ovcrhetul Expemes: 

l)epnriafion,(10% on $2000)* 
Int<*mst (fi7o of $2(K)())* 
and incidentals 

$1.40 

0.80 

5.50 


Total general expense 


$7.70 

Tntid Cost of Operation for lO-hr. Day 

Avi-rage Excavation per lO-hr. Day (cu. yd.) 

fiOO 


Ihiit Ctwt of Single-Tower Excavating, p<!r cu. yd., $27.704'6(K) = 00 046 

Field of Usefulness. The tower excavator was originally used 
in <‘Hnul c.xiravation where the cross-section was very wide with a 
comi)aratively shallow dej)tli. When the top width of a channel is 
over SO feet, it bt^coines ne<*es,sary to use drag-line excavators in 
pairs, one ah)ng each bank, or a floating dipp<T dredge which shifts 
from one side of the channel to the other. The tower excavator 
can cut the full widtli of the channel at one set-up and complete the 
section as it moves along. This ty|)e of excavator could not l)e 
used sati.sfac*t.orily in v(*ry wet soils, or wluTe rock occurred in great 
quantity. 

The tower excavator is esix*cially efficient in the excavation of 
large, shallow areas such as rt'servoirs, athletic fields, and the base¬ 
ments of large buildings. In such cases, it might be advisable to 
have the tower or towers nioxe over curved tracks; the center of 
ciirvature Injing the jaiint of anchorage of the hoist cable. 

Quarries, surface mines, and gravel pits can be economically 
strippt'd with a tower excavator, w’hen the area covered is sufficient 
to warrant the installation of the plant and the soil conditions are 
fsAmrabk' to uniform scraper-bucket operation. 

WALKING SCOOP DREDGES 

The walking drt'dgc Is rather a novelty in the field of excavating 
machinery and derives it^ name from its abtlity to move over the 
groimd tuaica' its own iww’cr and to turn short angles or curves with- 
' put sliding or skidding. The walking scoop type was devised about 
1905, and is similar in gwPral construction and operation to the 


180 wortiac dajn p«r ywr. 
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floating dipper dredge. Another type, placed on the market in 
1914, is an adaptation of the ''walking” principle to the drag-lme 
excavator and will be discussed later. 

Construction. Tlie walking scoop dredge consists essentially 
•.of a wooden hull supported on G legs or feet and supporting the 
operating machinery and excavating equipment. The hull is con¬ 
structed of heavy timbt^s and is braced longitudinally by large, 
overhead, wooden trusses. It is usually made of suffleient width to 
straddle the ditch which it is excuvutiug. On the front of the hull 
is placed the A-frainc, which consists of two heavy timbers, bolted 
to the sides of the hull at their lower ends and joined at the upper 
ends to a "head” casting. The A-frame st'ts in nearly a vertical 



Fig. 41. Geiu'raJ View of W»lldD|| Scoup Dralge 


plane and is braced to tlie rear eorners of the hull by wire cables 
which extend to the top of the frame. 

Operating Equipment llie operating equipment for steam 
power is similar to that used for a floating dipper dredge. The 
boiler is placed at the rear of the hull, and in front of it are the 
hoisting and swinging engines. These will be fully discussed in the 
section entitled "Floating l>ipper I>redges”. 

On several jobs, it has been found to be more economical to use 
a gasoline engine instep of the steam equipment. Engines of the 
multipte-cylinder marine type are generally used and vary from 16 
horsepower to 50 horsqmwer, depending cm the capacity of the exca¬ 
vator, thecae of the ditch, and the charoct^ of the soil. Amadhtne 


. m 
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with a 40-foot boom and a f-yard dipper has been satisfa(%oEiIy 
operated by a 50-horsepower engine. 

Walking Equipment The hull is supported at each of its cor¬ 
ners by a timber platform shaped like a large stone boat. Each 
“foot” is about 6 feet wide, 8 feet long, and 4 inches thick, and haaali 
iron rod liolted across the bottom near the front edge to prevent 
slipping. Each pair of feet is connected by a timber so that the 
two feet will move conjointly. Each foot is pivoted to the hull and 
connected t(» a drum of the swinging engine by a chain, so that the 
feet may be turned by the revolution of the drum. In the center 

of each side or midway between 
the comer feet is a^ center foot 
similar in construction to the comer 
feet. ()n the under side of each 
center foot, a transverse O-inch by 
6-inch timber is lx>lted to prevent 
sliding or slewing. A large timl>er 
extends from the top of each center 
foot, between each pair of trussi*s, 
where it is pivoted. A chain, one 
end of which is fastened to the side 
timbers of the hull, pas.ses over two 
pulleys attached to the frame on 
which the foot support is pivoted, 
and then passes along the hull to the 
rear comer and across the back end 
to a dmm near the center of the hull. 

Tlie movement of the excavator Ls efFected as follows: THie 
dmm is k'volved and the chain pulls the foot support gradually to 
a vertical position. This raises the dredge from its comer feet and 
shoves it ahead about 6 feet. The rear chain is then rdeased and 
the weight taken off the center feet, w'hich are pulled ahead by a 
chain attached to a dmm, located near the front part of Uie hull. 
A general view of a walking scoop dredge is shown in Ftg. 41. 

Excavating Equ^npent The excavating equipment com^lp cd 
the boom, dipper handle, and dipper, all of whidi are cd unu^pal 
de»gn in this machine. 

The boom is nuute ife^td two parts; the iq>per part is suppoiteil 

m 
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at its lower end on a tumtable» to tiiose used on a Boating 

dipper dredge. The upper end is supported by a cable from the 
peak of the A-frame. The lower part of the boom is pivoted at one 
^nd to the lower end of the upper section and on its outer end is 
piloted an iron-trussed framework shaped like a walking beam. 
This framew'ork is the dipper handle, to the lower end of which is 
attached the dipper wiiieh is shaped like a slip scraper. The dipper 
and dipper handle are .shown in Fig. 42. 

A chain or cable passes from the upper end of the handle to a 
drum on the hull. By winding up this chain or cable, tlie top of 
the frame is pulled ba(‘k. A chain or cable is also fastened to the 
lower end of the handle at the back of the scoop. This line passes 
over sheaves in the outer ends of the booms and thence to a drum 
on the hull. The mcthml of excavation is as follows: The lower 
section of the boom is lowered until the tip of the scoop is at the 
required elevation; the line attached to tlie upper end of the dipper 
handle is drawn in by revolving ^e drum, and the scoop is tltus 
forced into the e^irth. After the scoop is filled, tlie low'er section of 
tlie boom is raised and simultaneously the whole tioom is .'^wung 
to one ade until the scoop is over the spoil bank, when the 
upper line is released and the lower line is drawn in until the 
scoop is pulled hack to the boom and the ctintents of the scoop are 
dumjied. 

The walldng scoop dredge can move across fairly level land at 
the rate of about 1 mile in a 10-hour day. It can make a quarter 
turn in about 50 feet. It may be operated as a rear or head-on 
excavator. In the first case, the*machine starts at the outlet and 
works upstream, baddng aw*ay from the excavation similar to the 
dragdine excavator, while in the latter case, the machine starts at 
the upper end of the channel and straddles it as it works downstream. 

WALKING ORAQ-LINE EXCAVATOR 

This machine is an adaptation of a w'alking traction device to 
the dtagdine e^mavator. The advantages of this method of traction 
over the ordinaiy ones of rollers, wheels, or caterpillars, are the pro- 
^ductirm of a direct bearing pressure on the soil and the elimination 
of track, plankways, skids, and the labev necessary for their manipu- 
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Construction. The walkini; drag-line excavator differs from the 
ordinary drag-line machine principally in its substructure comtruc- 
tion. The customary lower frame and truck rollers or cateipillar 
tractors are replac'd by the walking device, which is quite different 
in design and ojxjration from that described above for the walking 
scoop dredge. 

The suiK'rstructure of this excavator is very similar in design 
and const niction to the ordinary drag-line excavator. Three sizes 
of machine are in n*giilar use: the smallest, etpiipped with a 40-foot 
boom, a 1-yard bucket, and operated by a 45-horsepow'er kerosene 



He. 43. Walldnc Draic-lim Exmrstor 
Courteau »/ Mmtgham Maehins Cmponv 


engine; the medium, equipped with a 50-foot boom, a 2-yard 
bucket, and oi)erated by a steam plant; and the laigest, provided 
with a 60-foot boom, a 2J-j'ard or 3-yard bucket, and operated by a 
steam plant. 

Walking Equipment The walking device consists of two large 
shoes or platforms, one on each side of the central circular support, 
and tw'o wheel segments or cams, each of which is keyed to the end 
of a heavy shaft extending across the machine. On the lower md 
of each cam is pivoted a^^beam whose ends are chahi-oonnected to 
the en^ of each platform. A view of this mechanism is shown in 
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Fig. 43. A large gear wheel on the shaft meshes with a pinion on 
the loadii^-drum shaft of the mliu engine. The pinion is controlleti 
by a jaw clutch and brake. 

^ To move the machine, the pinion clutch is thrown in and the 
en^ne started. As the shaft revolves, the cams and pivoted beams 
lift the platforms and saing them forward to a resting place on the 
ground. As the shaft revolves, the cams move over the up|)er sur¬ 
faces of the platforms until they cf>me into contact with the slop 
blocks, when the motion is stopped, and the machine is moved for¬ 
ward and downward to the surface. When further movement is not 
desired, the cams are revolved until the Ixniins and plathwms are 
elevated above the ground, and the machine then rests entirely oti 
its circular base, about which it may revolve as a pivot for the pur- 
jxise of excavating. The pinion is now locked by a brake and the 
drum clutch released to commence digging. 

Field of Usefulness. The w^nlking ex(‘avator is es})ecially 
adapted to use on drainage and irrigation projects, where several 
ditches are to be built in one locality. Ordinarily, when an excuvator 
is through with one job and is ready to commence another citannel, 
it is generally necessary to dismantle the machine, transiK>rt the 
parts to the new site, and reasstimble them. This involves a con¬ 
siderable expenditure of time, labor, and money. The walking 
machine can move over soft, wet, and rough ground and can make 
sharp turns by revolving alM>ut the cent ral support. The machine 
can be erected at the transpf)rtation point w'here it is unloaded from 
cars or boats and can w'alk to the job at the rate of about 3 miles 
per 10-hour day. 

This excavator can be efficiently used in the excavation of wide 
ditches by moving along the center of the channel and working 
alternately on opposite sides. 

The walking scoop dredge operates at about the same cost as 
the floating dipper dredge. A machine equipped with a ]|-cubic 
yard dipper, and operated by a 40-horsepow'er gasoline engine, can 
handle about 1500 cubic yards of loam and clay per 10-hour day, 
at an average cost of about 4 cents per cubic yard. 
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DI^EDO ES~~^Contlnu6d) 

FLOATING EXCAVATORS 

Classification. The excavators of this division, as tiie name 

•• . 

indicates, move over the water like a boat. They may be classified 
• as to the method of operation as follows: the dipper dredge, the 
ladder dredge, and the hydraulic dredge. 

DIPPER DREDGE 

Dipper dredges may be classified as to the field of operation 
as follows: dredges for the excavation of drainage and irngation 
channels, dredges with narrow hulls and side floats for digging 
and maintaining canals, and marine dredges for river and harbor 
improvements. These three classes comprise many types and sizes 
of dredges depending upon the service for which the machines are 
intended. The general arrangement and method of operation of 
all tlie types are very similar. 

Construction. The principal parts of a dipper dredge are the 
hull, the power equipment, and the excavating equipment. The 
chief differences in the construction of the different types of dredge 
are in the design of the machinery, boom operation, and kind 
i^uds used. Detailed views of dipper dredges equipped with 
bank spuds and with vertical spuds are shown in Figs. 44 and 45, 
reflectively. 

HiflL The hull or boat may be constructed of either wood 
or sted. For marine dredges, where the machine is to be kept in 
use over kmg^Kriods of time and where the cost of maintenanoe is 
ia important item, steel huUs are desirable. For inland operation, 
9^ on reclamation work, wooden hulls are preferable on aooount of 
wfivailabfl^ and economy of material and ike ease of amemhly 




im of Dlt«*Wn* OndM wit'i B. ik Snuds. «. Hull: b. Boiler: e. Mwn En 0 Tie;c<. Sednsiiuc %il?ne; «. Re« ^wd;/, SSde 
iHh; t, A-Fnnte; A. ^>u4 tioi.-.!; m, fhppn lUadie; n. Booir.; o. Dipper; r. Backinc Table: a, HoiMux Table 
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The dimen»ons of the hull depend upon the sue of the 
machinery, length of boom, capacity of dipper, and width of tchaonel. 
In Uie construction of small-sized channels, the width of the hull 
should be nearly the width of the channel so as to secure the increased 
stability afforded by the use of bank spuds. The w’idth of the hull 
should bear souie relation to the length of the boom, as tlie tendency 
of the dredge to tip sidewise will de{>end upon the distance of the 
dip])er from the center of the hull. The length of the hull must 
be sufRdent to provide adequate space for the housing of the operat¬ 
ing equipment, but principally must be proportioned to balance 
the W'cight of the exnivating e(|uipiuent in its various positions. 
The depth of the hull is govern<?d by the nwessary displacement, 



Fig. 4&. Ditching r>mlg«> with WrUi-nl Spu.la. itav*. Same SignUicn&M 

KM III Fir. 44 


hut orrlinarily should be made with as light draft as possible to 
provide for shallow excavation. * 

The wooden hull is generally made up of heavy timl)crs, strongly 
braced tmnsversely and longitudinally to form a rigid and strong 
l>ox. All the outside joints are calked with oakum and tar to make 
the hull water-tight. 

Operating Equq>ment. The operating equipment is of the 
same general design in dl types of dipper dredges. TTie essential 
parts are the boiler, the hoisting and badde^ machincay, the swin^ng 
machinefy, and the spud machinery. An interii^ view of a dipp^ 
dredge, showing the operating ^uipment, is given in Fig. 46. 

The locomotive type of boiler is generally used on account of 
hs adaptahlKty to various kinds and grades of fuel and its ease 
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of cleaning. The Scotch marine type b used on the smidler rises 
of dredge and under favorable working conditions is perhaps more 
econorntcal of fuel, more durable, and safer than the locmnotive 
type, but under the usual conditions of poor furi, hard water, and 
severe loading, the latter generally renders the more efficient and 
e(K)nomical service. A working pressure of 125 pounds b generally 
u.sed for the operation of the dredge. A feed>wster heat^ shc^d 
be used to soften and purify the boiler water in localities wh^ 
hard or alkali water exbts. A duplex pump and injector supply 



Fig 40. Interior of Dipper Dredge Shoving Opemtiag EQuipment 


the feed water to the boiler. The water may be pumped directly 
from the channel or from neighboring wells. 

The hoisting and backing machinery are of three different 
ty{>es, dei>endmg on the method of transmitting the power: singb, 
double, and triple hitch. These three classes are provided for by 
the use of a single, a two-part, or a three^part hoisting line. In 
the first class, the power developed by the engine b compounded 
through gears, the hoisting rope being connected directly to the 
dipper handle. In the two latter classes, the power b compounded 
by nmans of a sheave attached to the bail of the dipper. The 
main engine b of the double-cylinder, horbontal, aomeverrible^ 
^pe, mounted on a braced structural-cteel bed. Tbete are two 
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drums, one f<Mr the hoisting cable and the other for the backing 
cable. The drums are generally grooved to hold the first layer of 
cable in place and are controlled by outside friction bands, which 
aie c^ierated by steain*actuat6d rams attached to the spokes of 
the large gearwheel. 

The swinging machinery usually consists of an independent, 
double-cylinder, horizontal, reversible engine, which is geared to 
a shaft carrying a drum at each end for tlireet leads to the swinging 
circle. The engine is controlled by a single, balanced thnittle 



Fig. 47. OipfMjr Owl*** i» CHxjraiinn 


vah'e. Oi the smaller si^ dredges, the swinging mcH'hani^ 
ooDfflsts of friction drums, gear-driven from the main engine. 

Hie spuds are leg braces which are used to provide stability 
for the dredge during its operation. One is located in the center 
of the rear end and one on ea(*h side near the front of the hull. 
Indioed bank spuds are used when the channel is nairow and the 
faaU is near^ the full width of the excavation. As will be seen 
from an im^iecrion of Ftg. 47, the upper ends of the spuds are attached 
the head hlodc the A-frame and the lower ends sustain lai^e 
timber pktfohns whkdi transmit the pressure directly to the soil. 
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Short braces connect the lower ends of the spud timbers with Uie 
sides of the hull, near the feet of the A-frame. Vertical side spuds 
are used on the larger sizes of dredge for wide channel and harbor 
work. In this case, the lower ends of the spuds bear directly pn 
the Iwd of the stream. The rear spud is always vertical and is, 
used to prevent the hull from swinging about during the operation 
of the excavating txjuipment. Each spud is a single, solid timber 
which moves up and down in an iron or timber Imx, or guide frame. 
Teeth on a rack fastened to the lower side of the spud, engage a 
pinion on the lower side and at the end of the guide frame. 

The spuds are raised and lowered by means of cables passing 
over sheaves and thence to special drums. These drums are gen¬ 
erally mounted on a separate base, anrl their shaft is conne<’ted 
to the end of the ba(‘king-<lruin shaft by a jaw clutch, which is 
distMigagcd when the spuds ur(‘ not being o|)erated. In the larger 
size <lredges an infh‘iH*ndent engine is placed near each spud and 
ofaTates the spud by a direct gear connection. 

Excavating (Equipment. The excavating equipment consists 
of the boom, dipjK'r hatxlle, and dipper. 

The boom is generally shaiwd like a fish-bellied beam and may 
1 h' made of either steel or wooil. It is made in two seetions so 
spaced that the dipper iiandle may move hetweeii them. For long 
booms, a trussed type is nst‘d to secure lightness with the requisite 
strtrngth. For long booms and dii)pers of large capacity, a trqssed- 
steel beam is preferable. The boom at its center should have a 
depth equal to alM)ut I'o of its length. The length of the boom should 
be about 1 i times the width of the hull with vertical spuds, and up 
to al>out twice the hull width when bank spuds are used. The 
upper end of the Iwiom is connec*te<l to the yoke at the top of the 
A-frame by wire cables. At the outer end also is the sheave over 
which the hoisting cable pas.ses on its way from the dipper to the 
fair-lead sheaves, at the lower end of the boom, and thence to the 
hoisting drum. The lower end of the boom is pivoted to the swing¬ 
ing circle or upper sections of the base casting. 

The swinging cir^ is a steel circular framework which is located 
just above the deck or several feet above the deck W'hen it is neoessaiy 
to secure sufficient swijiging pow'er for long bomns. The diameter 
of the circle should be sufficient to ^ve a direct pull Irmn the drums 
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of the svin^g engine and should not be less than | of the hori¬ 
zontal reach of the btK>m. 

The dipper handle is universally made up of a, solid timber 
rei^orced with steel plate^i. Upon the lower side of the handle 
is pli|ced the steel racking which meshes with the pinion of the sliiij- 
per shaft located on the upper sitlo of the boom, near its center. 
The length of the handle should l)e made about j that of the boom.. 
The dipper is attached to the lower end of the handle by means 
of a pin connection, so that the pitch of the cutting edge may l>e 
changed to suit different chissi's of materials. 

The dipper which is used for the dredging of ordinary soils 
is of tlie same tyjK? as that ustri on steam sliovcls. A reference 
to Fig. 47 will show' the genend slm})e and construction. The front 
is ma<le of a heavy inangancsc*-KtH>l plate which is riveted to the 
side plates. The hack i.s n single steel casting which,is also riveteti 
to the side plates. The bottom or door is hinged to tl»e back and 
is provide<l witli a latch which is tripjM?d by a rope extending to 
the cranesmati’s platform at the right side of the bcKUii. The 
or capacity of the dipp«*r varies from | to It'S cubic yarrls; but Jj 
yards is the size generally use<l in w’ork of average magnitude, 
and yanls for large channels oiul w'ork of gn^at magnitude. l>arge 
sea-going dredgiis equipped with dippers of from 5- to lO-yard 
capacity have been us<'<l for several years * n harlK)r improvements, 
and in 1914 two niuinmoth drerlges, each wjuipixtl with lo-yard 
dippers, W'ere put into oiKTation on the Panama Canal for the 
removal of the slides. 

« 

For the excavation of loose .sand and gravel, the clam*«hell 
and orange-peel buckets are very efficient. These are singie-Une 
bindkets, and the backing cable would not be used. The details 
and dimensions of a standanl make of clam-shell and orange-peel 
budeets are given in Figs. 4H and 49, respectively. 

Method of Operation. The method of operation of a dipper 
dredge Is very similar to that of a steam shovel, which has b«;n 
previouriy described in the section on Power Shovels. The crew 
a dipper dredge consists of an engineer, a cranennan, a fireman, 
and £rmn 2 to 4 laborers, for each shift. A dipper dredge is ordi¬ 
narily run on two 11-hour shifts, and hence two emnplete crews 
are neceasa i y.* The engineer operates the Jevias and brakes whidi 
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control tlie motions of hoisting, backing, swinging, and moving the 
dredge. The cranesman stands on a little platform just above 
the s\/inging circle on the right side of the'boom, and controls the 
operation of the dipper as to loading and dumping. The fireman 
supplies the boiler with fuel and has general charge of the c^hng 
and care of the machinery. The laborers supply the dredge with 
fuel, oil, and supplies, and perform the necessaiy general work 
around the machine. 

As the dipper and dipper handle slide downward toward the 
face of the excavation, the bottom of the dipi>er closws of its own 
weight and latches. When the dipper reaches the bottom of the 
channel, the engineer applies tlie friction clutch to the hoisting 
drum an<l throws a lever, starting the drum to wind up the hoist 
line. This pulls the dipper upward, and the fom'ard motion is 
regulated by the tension on the backing line. As soon as tlie dippt‘r 
is clear of the surface and has (xiraplcted the cut, the engineer 
throws the hoisting drum out of gear and 8<"ts the fru'tion clutch, 
thus bringing the dipper to a stop. Then the swinging engine is 
sturtcxl and the boom is swung around to one side until the dipper 
is over the dumping place. With a fwt brake, the engineer st*ts 
the friction clutch and stops tlie revolution of the swinging drums. 
'I’he cranesman then pulls the latch roixj, and this op^ms the latch, 
releasing the bottom which drops and allows the dipp<?r contents 
to slide out. The engineer then releases the friction clutch and 
reverses the swinging engines, pulling the lioom and dipper back 
into position for the next cut. As the Imom swings around, the 
engineer slowly releases the friction clutch of the hoisting and backing 
drums and simultaneously slightly pulls in the dipper toward the 
<ire<ige and lowers it into the cut, so as to produce a prying action. 
As the latter part of the drop is reached, tlie backing cable is released 
gradually and the dipper allowed to move forward toward the face 
of the cut. The time required for a complete cycle of operations 
depends upon the skill of the operator and the nature of the material 
excavated. The average time for a complete swing should be about 
40 seconds. The most cftcient r^ults are secured when the opera¬ 
tions are made smoothly and uniformly so as to cause the least 
amount of lost motio|k,.and wear and tear on the machineiy. 

^After the entire face of the cut has been removed within readh 

m 
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df the dipper, the dipper is raised and the bo(»n slowly swung ttcm 
side to side to relieve the pressure on the spuds. With the boom 
remaining in a central position, the spud hoists are put in operation 
and the spuds raised from their resting places, thus allowing the 
hufl to float ahead toward the face of the cut. With each move, 



Fig 4« Tvpirid Clant^UMiU 1 ikat 
CmirUmv of The Hayward ( ompony, York City 
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the dredge makes an advance of about 6 feet. The spuds are then 
lowered by leleadog the drums, or by reversing gears, and the dredge 
is ready t» the next cut. 

• Cost of Operathw. The cost of operation of a dipper dredge 
w31 depend on the siae and type dredge used, the character and 
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magnitude uf the work, the kind of material to be excavated, the 
efficirnc.v of tl»e ofMirator, etc. 

J Hunt rat lee Jlxample, As a typical case, the following is a, 
detailed statement of the expense connected with the operation 
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of a dipper dredge, equipped with a If-^urd dipper and a 70-foot 
boom, on the construction of a drainage channel along the bottom 
lands of a central western river. The soil is loam and clay with 
no stone and a small amount of stumps to be removed. The channel 
aill be assumed to contain al)out c‘ubic yards per station of 
100 feet. Two crews work on 11 -hour shifts and live on a houselamt, 
which floats along behind the dredge. The following statement is 
based on the average output for an 11-hour shift. 


Operating Cost of Dipper Dredge 


Labor: 

1 engineer, ^ $100 per month $t .(K) 

I fiitman, (3.) $60 ]H>r month 2.40 

1 cranmnan, (m $75 piT innnlh 2.00 

2 hdmren), (<$ $.50 eaeh month 4.00 

1 cook, ^ $40 iM>r month 1.60 

Total labor per day $15.00 

Fuel and JSttpplieit: 

2 tons coal, @ $6.fX) $12.00 

Oil, waste, gn>as(‘, etc. 2 00 

Total cost of fuel and (nippli(«9 . $14.(X) 

General and Overhead Experuce: 

Hoard and kNlging for crew of 10 men, per day $^l 50 
Repairs and inculentals 4 (K) 

Interest on investment (6% of $10,tK)0;* 1.50 

Depreciation (10% of $10,000)* 5 tX) 

Total general eximise $H (K) 

Total Cost of 0|)emtion for 11-hotir Shift 

Average Outptit (on, yd.t I2tK) 


Unit C/Ost «rf Dipper Dredging, jmt cu. yd., $12 12(K)« 


$43.00 

OO.OSfi 


• Field Usefulness. The dipi>cr dredge i.<« the l^est known 
and most popular ty|)e of excavator ust'cl in the construction of 
dnulnage channels. Most of this class of work must be done on 
low, swampy land, where it is difficult for anything but a boat to 
move about. The dipper dretJge w'ith its large lx»iring area and 
shaliow draft is especially adapu^d to operating under these c^n- 
ditkms. Wlwre the soil is too soft to support tlie smaller types 
if diy-land excavators, and a c»nskJerable number of large stumps 
must be lemoved, the smaller lateral ditches a drainage system 


flsMliiaimiaayurwMl* lO'jrwiifo. 
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can be excavated more economically with a small dipper dredge 
than with any other type of excavator. 

In many cases it is cheaper to use one of the smaller uzes of 
dipi)cr dredge (having a Ki-foot width of hull, a 40-foot boom, and 
a 1-yard dij>per), an<l to excavate a ditch twice the necessary' size, 
than to use a smaller machine of another t.vpe to dig a channel 
the size required. The most economical size of channel for the 
operation of a dipi)er dredge is one with a bottom width of 40 
feet and an average depth of 10 feet. When the cross-section 
of the channel becomes greater than this, the cost increases until 
a cliannel having a cros.s-sectional area of almiit 1200 square feet 
is reached, when the use of the dipper dredge is no longer efficient 
or practicable. 

The channel w hi<'h a dipper ilredge e\t‘a\ ates is rather uneven 
in crossi-section and does not have smooth side slo{x?s and true 

V 


Fig fiO Section of Ditih Con<i(nictr(i l»> Floating Dipper Dreilgn 

bottom grades. The form of ditch excavated by this machine 
IS shitwn in Fig. 60. After several years’ u^te the channel will assume 
a general semicircular section. In shallow channels, or those 
where the stream flow is small during a large part of tlie year, 
ctmsiderable reduction of the cross-section may be caused by the 
deposition of silt and dHiris and the growth of vegetation. 

^ The dipper dredge is one of the roast versatile of modern 
excavators a.s it can excavate all kinds of soil from silt to loose rock, 
pull stumps, remove boulders, bridges, and other obstructions, 
dri\'e piling, build earthen dams, and perform many other duties 
which may arise during the course of operation. 

w 

LADDER DREDGE 

Qclwral Chanicteristics. The devator or ladder dredge has 
been bttle used in this* country, except in the West and in Alealca 
foc^fdacer niinlng, but wludi is very popular and of nearly iittiV0aal 
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use in Great Britain and on the continent. Since 1900 riie ladder 
dredge has been u$ed on large waterway construction; notably 
the Chicago Drainage Canal, the New York State Barge Canal, 
and the Panama Canal. 

* Construction. The ladder dredge consists of a hull on which 
is pthced the operating machinery and the excavating equipment. 
I1ie operating macliineiy' includes engines for the operation of 
the elevator, the belt conveyors, the hydraulic monitor, the spuds, 
etc. The excavating equipment comprises the ladder frame and 
ladder, and the means of disposal of the excavatetl material, con- 



rig. 61. Ktovator Dradg* Eicavating Large Drainaga Ditrii 


sisting either of a hopper and a discharge channel, or of belt convey¬ 
ors. The placer dredge is provitied with a revolving screen and dis- 
tnbuting channels for the separation of the gold from the gravel. 
A general view of a ladder dredge excavating a large drainage 
channri is riiown in Fig. 51. A detailed view of an dectrically 
<^rated placer dredge is shown in Fig. 52, and detailed views of 
a ladder dredge especially designed for eanal excavatioii are given 
in Fig. 53. 

The hull or barge b riiaped like a rectangubr box and b 
genendly built of heavy timbers. T^e htdl may be built as one 
. stroetore wit|i a well titrou^ the bow for the passage of the ladder. 






8a«k>ul Vk« ol Eler^Oy O^ud PIimw Dredge d. I^der: 6. I^iwer Tumbler: e. Upper Tumbler; d. Tjidder Frame: e. Ladder Oaatry; 
/, Hull; t. Ladder and Bereen Operating Macbiaer>-: A, Beit Cnn%-eyor; m. Screen; «. Spud 

Cdurfeeg of Tho Buryrui rompany, iSiMdA Milvouker, Witcontin * 
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or as two members with a spaee between. Hie latter type is some¬ 
times used so that the excavator may be passed in sections through 
narrow structures such as canal locks. 

The size of the hull depends upon the capacity of the dredge. 
The length, wliich varies from 50 feet to 125 feet, is generally abdut 
five times the width, ivhich varies from 30 feet to 50 feet. The draft 
of a ladder dredge in working condition is from 4 feet to 6 feet and 
the depth of hull should be from (> feet to 10 feet. The hull should 
be strongly braced lioth transversely and longitudinally and made 
watertiglit by well-culbnl joints of the outer planking. A few 
hulls have Iw^en made up of 2 steel-framed pontoons connectetl 
by steel cross-frames. For, jH‘nnanent work this tyfie of hull is 
better than the wtMslen structure, as it is more rigid and durable. 

Operating Equipment. The power for the operation of a 
ladder liredge may l>e either steam or electricity. 

S<‘voral indejK'iident eiigities arc; rtn^uired for the different 
performances of Ofieratliig the ladder, the licit conveyors, the 
rcv<»lviug screen, the spiiiis, swinging the hull, etc. These separate 
engines are une<'onoinical in the use of sU^am and hence it is often 
n<lvis{d>le. to generate ele<'tric |)owcr by a .steam plant and operate 
each engine by an individual ek'ctric motor. When several dredges 
are working in tlie same locality, it is most ectinomical to locate 
a jMiwcr plant on shore and to transmit the electric current by wires 
to the motors oil the machines. An economy in the use*of electric 
{lower is the saving of hull room by the elimination of the boiler 
and steam engines. 

'J'he o|)erating equipment for a steam-operated dredge con¬ 
sists of the boiler and engines for the various motions. The boiler 
is geiuTally of the Scotch marine type and is mounted on the fioor 
of the hull in tlie rear of the dredge. It should be of more than the 
tKeoretIcul estimated capacity to supply the engines and be operated 
at a working pres.sure of about 125 {lounds. 

The engines are of the horixontal, double-cylinder type, whidi 
have lieen desc'ribed in detail for steam shovels and dipper dredges. 
These engines are gear-connected to Hie drum or winch nwchin^. 
Hie dnuns are controlled by outdde friction dutches actuated by 
smib rams. Independent gear drives for the revolving eereeir 

and ladder are often qj^ehited from the inain nigine by bdtaid puhuif 
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connectfoas. However, separate engines are generally used for 
the operation of the si3oiI conveyors and spuds. 

A centrifugal pump, driven by a seimrate enjpne, is generally 
used to furin«4h water for a hydraulic monitor, for the hoppers and 
n'volviiig MTcen, and for the perforated pipes which extend along 
the sides of the Indt cou\e\ or for cleansing purposes. Steam pumps 
of htaiulard tyi>e are used to supply the eondensers, feed-^water 
heaters, utul boilers W'ith necessary water. 

When electric power is list'd, iiuliVidual motors are generally 
iiioiinted on the W’ineh drum or drive frame and gcar-eoiineeted 
by a pinion. These motors may receive eurn*nt fnmi a generator 
ofKTated by a steam plant on the dretlge or from a steam or water 
Iiower plant located on the shore. 

'Excavating Equipment. The excavating equipment t'on.sists 
of the gantry, latlder frame, and chain and buckets. 

The gantry is an inelint'd framework coniposetl of timber or 
structural-steel iik'hiIhts^ .Htrt>ugl\ frainetl together. The frame 
is placet! at the Ikjw of the hull and is held in {xiMtion by brace? 
e-\tending to the front end of the hull. Shea\es at the top of the 
frame carry the cables which support the outer and lower end of 
the ladder frame. The gantry liar» a height of from I.") fts't to .'10 
feet, Fig. 54. 

The ladder frame is generally a >tructural-steel framework 
.sluqaxl like the boom of a tlipper drt*tlgc. The length of the frame 
varies with the size and eupaeit,\ of the dredge and the depth of 
tlw proposed* exi'avation. The np|ier end of the ladder frame is 
hinged to the up{>cr tumbler shaft, while the low'er end is susfK uded 
by hea\y tacklj^ from the gantry. The frame carries tumbler.s 
or largt', hexagonal, steel barrels at its emls. The upper tumble’’ 
is revolveil by power supplied from the main eii^pne through a 
shaft, w'hile the lower tumbler is revolved by the friction uf the 
budket chain. 

chain is composed of a continuous series of buckets, Jinlca, 
<?«t>w*ting pins. The buckets are cup-shaped and made of three 
aeeltt^s, strongly riveted together. They have capacities ^tiiyiug 
cu^ic feet tt> 13 cubic feet. Th^ are phu^ in “open” or 
Older—that Ui^c^uosecutiv'ety, or with c^^^itidillrhetweea 
adjiv^t buckets>trd«{>ending upon whether the ablb^ spH ^ bmd. 
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The movement of the bucket chains is slow aini unlfonn «ul 
is such Hs to feed from 1>> to 20 buckets per minute into the bed of 
the stream. Fig. 55 shows a section of a cliaiii with *‘close” (wder 
and Fig, 54 shows tlic buckets provkietl with teeth for the excava- 
tioh of dense*, hunl materials. 

Oue or two spuds art* gi*rtt*rally placet! at the stern of the hull 
to provide for the sttibility of the dnslge and for its lateral moveiiieMt. 
'riicy are usually (‘oni|>ostHi of a single tiiulKT with a jKunted shex* 
at tlic lower eiul and are operuteil by separate engines of the type 
used on the floating dip{XT dredge. 



I*»g A5 httf»i}uii of < hHii) t •Hfl on Lwldf r lir'^dgo 


Material Distributing Machinery. The dis{K)sition of the 
«*xc<tvatwl material «lejx‘nds uik>ii the charoeter of the work. In 
plaeer>niitiing u}x>ratitins, stjte drtnlge is provid<*(l with a hop{ier 
into which the material falls. Then the material passes through 
a revolving semm and uiam a senvu trough where the g<ild is 
e>>11e(ietl by amalgam piate». In the ex(‘avation of f‘anals or stream 
beds tlie materials pass from the hop}x*r iii||u a chute or trough 
^diich discharges into liargcs, as showm in Fig. 5(», or clirectly 
from the bucket chain to belt conveyors which carry it to the spoil 
banks akHjg eitlier fade, vt the channel, Fig., 51.^ In some cases, 
wy|b the is to be con\'eyed for some di^nce, the con- 
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veyor is placed at the stem of the hull and discharges into a 
series of other conveyors supported on pontoons. 

Method of Operation. The outer end of the ladder is lowered 
until the bucket chain is in contact with the bed of the stream. 
p]ach bucket in the rev'olution of the chain, removes a slice ^of 
material as it comes into contact with the soil. At the top of the 
ladder, the bucket in turning over the upper tumbler, dump their 
contents into a hopper which discharges into a Screen or directly 



Ftc* Laddpr Bmlxr Provided wiib Trough fur llwcharging llxcsvaUDii into Kadra 


upon a belt conveyor. The ladder is gradually lowered as the 
hKcavation proceeds. 

The dredge is swimg. from side to side across the channd by 
wire cables attached to trees along the shore and to which drums 
bfk tibe hull. To move the dredge ahead the spuds are alternately 
raiaed and lowered^ as the dredge is swung frcrni one side to tibd' 
othsrl 

' ^IWhen high banks m to bet removed it is costomary to use r 
lan^ h^^'draulic monllor, wbkh is placed near the ladder fnune 
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and above the rleek of the hull at the Iww. Fig. 57 shows an ele¬ 
vator dre»lge, equIpiM'd witli a rntuiitor, excavating a large irri¬ 
gation canal in the W<‘st. 

The inachiner>- of tlu? <lredge is usually controlled by an opwator, 
who is located in a siuall cabin placisl near the l.)ow and above 
the machinery house'. Besides the oii«Tator there, arc Hxiuirect an 
engineer, who ha.s general charge of the machinery, a fireman who 
runs the boiler of the steam eciuiprnent, an oiler, a deck hand for 
g<'neral .service on the dredge, a man who lias (diarge of the i>j>era- 
tion and control of the <*onveyors, aiul one or more men who have 
charge of the shore conveyors or barges. 

Each dredge n'lpiires the S4'rvice of I tug and from 4 to 8 scows, 
depending upon capacity of the tlredge, size of channel, character 
of materials, etc. The scows may be of steel or tindier and are 
generally of the bottom-slumping t\jM* with st'verid independent 


eompartments. 

Cost of Operation. .\s elevator dnslges an' generally built 
tomwt s})<'<‘ial eonditions of st'rvice, it isdilficult to give any aecuriite 
.statement of the axerage eo>t of oiwration. However, in onler 
to suggest the eost of operation in canal exeavalion, the following 
statement of the use of ladder iln'ilges in the eonstrnetion of an 
irrigation canal on a Ueelamation Service projei't is given. 

Illufttratim Examyle. The ('hannel had a total length of about 
20 miles and in many piaet's the bank.s were high on one or l>oth 
sides- On fills and shallow cuts, bulkheiulH were built along the 
right of way on the lower bunk to keep the wet material from flowing 
on to adjacviit fiehls. 'Plie nuiterinl e.xeavatwl variiil from a loose 
gravel to hard pan, wliieli in places had to l>e blastetl. 

The dreiige use'll was a Biie,\Tus ladder driMlge, equipped nvith 
steam jKiwer ami a Hi-cubic-foot continuous bucket chain. The 
hufl was built of timlicr, with a length of S2 feet, a width of JIO feet, 
a depth of (» fw't (» inches, aiul drew 5 feet of water. Steam was 
furnished by 2 locomotive-type Iwilers, 4-4 inches'in diameter and 

a 

18 feet long, and having a rated capacity of 80 horsepower. The 
midn drive and ladder hmst were driven by an 8 X 12-inch doubb 
horizontal engine of 70 horsepowrer. The,winch machine for 
, curating the spnds and swinging tlie dredge was driven a* 
.2-cylinder, 6xt4-inch,'il}t>ttlde horizontal enpne of ^ h^ntepower. 
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The belt conveyors were operatoci by two 7XlO-mch, single-cylinder, 
ccnteiH.‘rank, horizontal engines of 18 horsepower. A No. 1 Ilendy 
hydraulic giant was mounted on the Imw of the dredge and water 
was forced through it l»y a :^>stagt^ ti-inch, centrifugal pump, belted 
loa 10 X 12-inch, singlt‘-cyliiidcr, ppright engine of St) horsepower. 
Thc»giant was us<,*<l to nnnove hanks above the water level and 
bey<md the reach of tlie bucket chain. Two Iwlt coiivej’ors, oneoti 
each side <»f the clrtnlgt*, wer** used fur the disfiosid of the excavated 
material. Each conveyor was 72 fts't long and con.sisteil of a steel 
framework sui>[M)rtiiig a 7-ply, 82-inch, rubber amveyiiig belt. 
Fig. r>7 shows the dnslgi* in ojK'rution. 

The up(*rating force consisteil of 8 men and 4 horse.s. Follow¬ 
ing is a schedule of the labor ex{»ense jht day. 

Expense Schedule of Daily Labor 



I>A» Rath 

KiiiMTifilondeiit 

*7 ."jn 

< )|M*riiOir 

a (10 


4 07 

Kpudmun 

3 H.‘l 

J‘'ir<mHn 

3 .'{3 

Oiler 

3 (Ml 

DH*kmiin 

2 .'iO 

Mnii'and-O^iin 

4 .'iO 


The following tabulation gives th** total and unit cost r>f the 


work. 


Co»t of Work by Ladder Dredge 


J'Kmvnlion of 020,723 pu. ) 


DiviMoir 

1 

i TrrtlU 

t 

Cnit 

(per pu. yd > 

Labor (drrdgo) 

LalxH' tapoilbank) 

Fuel 

Plant Mainienaitce 

Plant Depreciation 

S29,0(Xi,63 

31.150.00 

3.1,043.07 

ft2;j27.40 

41,432.53 

SO. 030 
0.034 

o.aio 

0.057 

0.04.5 

Total 

Bnipmiermg and Adminiotraiion 

1137,022.00 

1 28,154.41 

SO. 202 

0 031 

Grand Total Ii21«,077.10 

io.2;» 


Field of Usefulness* The elevator dredge has been univers^ly 
used in Europe for harbor and canal excavation and notably on 
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the construction of the Suez Cauah the Panama Canal, and the 
New York State Barge Canah In this country the ladder dredge 
has not (»ine into general use on aetx)uiit of the high initial cost 


of the plant. The average American 
contractor prefers to use a dif>|)er dredge 
casting a}M)Ut $40,000, rather than a 
latlder dreclge requiring an investment 
of ahimt $100,(KX), in order that he may 
secure imminliate results on a less capital 
ciiargc. 

The elevator drcslge is efficient in 
the excavation of all clas.sos of niat<*rial 
fnwn silt to hard jiau and the softer 
stratified rocks. I'liis drwlge cannot 
work to advantage in narrow chanticis, 
and heiKH* is not a^luptcd to the ext'uva* 
tion of small canals and ditches or the 
(Irixiging out of narrow rivers. In siu'h 
I'uses the dipf>er dr^sige should Im‘ used. 
Wht‘n the banks are liigh, <Iiffieulty is 
ex|x*riencc(l in defiositing the excavated 
material. When the banks arc low, 
dikes or bulkiieads must Iw erected tt- 
prevent the soft material from flowing 
tmek into the <‘hannel or over adjuceiit 
land. When the sides of the <‘hannel 
are to be sloped, the Imcket cliain must 
lie gradually raised and lowenxl as the 
.dredge is swung over to the si<le. 
Trouble is often experieiictid in the 
operation of the sfxiil (xinveyors and 
water jets are required to keep them 
clean. The excavated material is gen*' 
erally so wet that tlK deposition of the 
material in utufonn spcnl banks along 
the shore is a difficult matter. 

The proper inhere of usefulness of 
the ladder dredge is in large canal, river. 
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and harbor work, where there are wide, long reaches and a large 
amount of dense material to be removed. In such cases, the scow 
method of removal should generally be used. 

HYDRAULIC DREDGE 

During the last twenty years, the great improvements in tiie 
rivers, lakes, and harbors of this country have made a demand for 
an ex(;avatiiig machine of great jjower, capacity, and efficiency in 
the rcMiioval of large quantities of the hxjser soils. The rt'clamation 
of the great tidal marshes along the Atlantic and Pacific coasts 
and the cleaning out of the channels of the larger rivers, canals, and 
harlmrs art; ining c'ontinually carried on by the Government. The 
most efficient and et'ononiieal excravator for this class of work is 
the hydraulic or suction dredge. 

Construction. The essential parts of a hydraulic dredge are 
a revolving ctitter, a (‘entrifugal pump, and the mB<’hinery to drive 
it, and the barge or hull. Detaile<l views of a hydraulwr dredge 
art? shown in Figs. .')S and .W. 

The hull is usually rectangular in shajH' and has a length of 
about dj times its width. The size of the hull de{K>nds on the 
cai)aci(y of the dnslge. The flepth varie.s from b feet to l.> fct‘t, 
providing a draft tif from d fei't to 0 f<*et. Hulls are con.strneted 
of wmai or steel, but tht? latter material is the preferable i>u account 
of it.s greater strength, durability, and rigiility. ('ros.s-frnmes 
tif steel or w’<Kid are placed on about 2-f<M)t (niters and eonii«*et 
the keelsons and deck beam.s. This fi;amework is eover(*d with 
st«*el plates or heavy w’ooden planking. The winch machinery is 
phuisl on an iip{KT deck while the pumping machinery is placed 
on a lower <leek. A suiJerstructiire houses the machinery, and con¬ 
tains the (»{)erating room and usually living quarters for the <Tew. 

, At the stem of the hull is locatisi a vertical frame from which 
are susiiendtHl two spuds by means of sheaves and cables leading to 
tlie winch drums. The spuds are generally single timbers of fir, 
pine, or oak, and are of sufficient length to reach the bottcmi the 
ex(?avation at high wjjter. 

Operath^ Equipment. The operating equipment of a hydmtdic 
“dredge consists of the wiueh or hoisting cnidne and the pumping 
equipment 
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The hoisting engine controls the movement of the barge, tl»e 
operation of the ladder and of the spuds. It generally consists 
of 5 drums which are inountetl on a single base and operated by 
a double-cylinder engine. TjK)n the forward shaft, the drums on 
each side swing the dredge and the center drum is us«i for the 
raising and lowering of the outer end of the lailder. The two rear 
drums ©ijerate the two spuds at the stern of the barge. In some 
cases a .separate engine is used to o]>erate the spuds. 

The pumping machinery consists of a centrifugal pump and 
the engine to operate it. The pump is the most important clement 
ill the mistruction and ofieration of a hydraulic dredge. The 
excavatwl material is drawn up through the .suction pipe and dia- 
c'harged through the diseharge pipe to si'ows or to spoil banks on 
shore. The pump con.sists of a shell or casing of cirtnilar form 
with two apertures, one on the periphery and the other at the 
center of one sitlc. Inside tliis shell nn-olves a set of vaues mounted 
on a shaft which extends thnuigh the center of the casing and is 
usually dircc*t-connect4*d to the engine. The vanes are generally 
made in two sections; the inner section, which is made as a part 
of the shaft; and the outer sf,*<*tion.s which are scfiarate pieces 
Iwlted to the inner section. The abrasion hy tht^ matt^riiil jmssing 
through the pump is largely on the outer sections of the vanes, 
which can be cosily unliolted and refihced. The opening in the 
center of the side is the admission orifi(s> to which the sgctioa pipe 
is attached and through w'hich the material enters the casing. The 
steel suction pipe is ordinarily from lo to dO inches in diameter and. 
varies in length from 10 feet to Oo feet. 'JV) the periphery of the 
casing is attac'hed Uie discharge piin*, which varies in diameter 
,from 0 inches to 48 inches. A 2f)-irjch centrifugal pump is shown 
in Fig. 60. 

The pump is usually dircfct-connccted to a steam engine of 
the vertical, marine type. For the small sizes and capaedties, 
cmnpound engines are used, but for large capacities, hard seiA'ice, 
ami li%h beads, triple-expansion engines are used. 

Exca^tliif Equ^ment The excavating equipment of a 
hydraulic dredge cmisists the gantry, ladder, and cutter. The 
excavating equipment of a timall dredge is shown in Fig. 61. 

The gantry is a doable, indiiwd, timber frame wlatA cahies 
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the sheaves over wliieli pass the cables for raising and lowering 
the outtT end of the ladder. 

The ladder is a ste(4-frained girder ivhich is hinged to the t>ow 
of the hull at its inner end and suspended by cables at its outer eiul. 
On the uj>|M.’r side of the ladder is plaeefl a gear-oj)erate<l shaft 
which drives the cutter and the suction pifK*. 

The cutter is a wries of knives whieh revolve about the hood 
or circular inoutiipiece of the suction piiK*. The type of cutter 
used de|M'nds upon the character of the material to be excavated; 
a heavy, diroiue-steel head Unng used for hard materials atnl where 



Fif. 60. reulriftigKl Pump «>f Bj-tlraulir Dredce 


Iwtdders are prt‘valent, while a light, open construction is used 
for soft materials and in places where brush and roots occtir. 

Electric Powor for Operatloii. Dating from alnyut 1910, the 
prevaleuee of cheap water power has led to the use of electric power 
for the operation of hydraulic dredges in several causes. The elec¬ 
trical equipment includes the wound-rotor tx’pc of motor to operate 
tho cutter, the hoisting engine, the pump, and the spuds. 

On isolated w*ork, wlwre fuel would be expenslx'e on account 
erf high tren^qxjrtation costs, but where water power is available, 
or in the proxiinity dties where electric power frwn large 
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steam plants is obtainable at low rates, it wUl be found more eccmom- 
ical to carry a branch transmission line to the dredge and use an 
electrical equipmeift. The advantages of compactness, cleanliness, 
^and efficiency, which have been previously discussed for the ladder 
dredge, are as ap{dicable in this case. 


» 



Fig. 61, Tyi^.‘al Hydraultri Dmim im Cbtuit f4>nKlnieiu>a 
Cowffw^ of Urtai Lai'* hrMgt c-iH Hark f'lUkpany, Chtto$« 


Method of Operatioii. The dredge i.H held in position by cables 
which extend from the main or homting engine to anchorages on 
either nde of the bow, and by the two spuds in the stem of the hull. 
By alternately Raising a spud and winding up and unwinding the 
cables, the dredge may be swung from side to side so as to cover 
a wide area. 

The m’olving cutter excavates the matmal, which may vary 


me 








100 


EARTHWORK 


from silt to hanl pan. The disintegrated material, diluted by water, 
is sucked up through the suction pipe into the pump and then forced 
out through the discharge pipe which is carried by pontoons, and 
discharges into scows or out upon an area which is to be filled in. 

Cost of .Operation. It is impossible to give any accurate 
statement as to the average cost of excavation witli a hydraulic* 
dredge. Such a dredge on work of any magnitude is usually made 
cs{)ecially for the particular conditions at hand and the cost of 
operation may vary within rather wide limits. 

JUuntrative Examijie. Following is a typical labor schedule* 
for the ojKiration during an 8-hour shift of a hydraulic dredge 
equipped with a 20-inch centrifugal pump. 


Labor Expense Schedule 


I.AHon .Movthi.v Hath 

1 0 [M>rul(>r 

$100 (M) 

1 ongiuwT 

100. (K) 

1 ('iiaini’cr 

SO (K) 

3 fin^mf*!!, $70 00 ciu'li 

*210 00 

i NiHidiTiiin 

00,«) 

1 oihT 

.W 00 

4 «l<*<*k IuukIh, (a; $50.00 «wh 

200 00 


The avcTage cost of o{x*ration would dej)end upon the size 
and capacity of the ilre«lge, the character of the material, efficiency 
of operatit>n, kind of i)ower u.sed, etc. Records of recent work show 
a ninge of from 4 cents to 15 cents per cubic yard for materials 
vaiying from sand to indurated gravel. 

Field of Usefulness. Hydraulic dredges have been in use 
fi)r the lust half century, but their greatest development has liecn 
during the last two decades, since 1895. In Europe their use has 
bet*n largely in the maintenance of channels in the large rivers 
and in the construction of great canals. In this country they have 
befili used principally in the reclamation of low, wet lands, along 
rivers, lakes, and harbors, the construction of great artificial water¬ 
ways, such as the New York State Barge Canal and the Panama 
Oanal, and the maintenance of channels in large inland waterways, 
such as the Mississippi River. 

The earlier t>*pes of hydraulic dredge were provided with an 
agitator and abater jets at the mouthpiece end of the suction pipe, 
and hence t^y could fiddle only the softer soils, sudh as silt, sand. 
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and clay. In recent years, however, the cutter head has been 
developed in different forms, and very hard dense soils can be 



loosened and broken up sufficiently to 
1)6 discharged through the pump. 

The hydraulic dredge is not an* 
economical t^^ie of machine to use io 
the construction of levees or in canal 
excavation where tlie disposition of 
the excavated material must be made 
within a confined spjice. ITie material 
as it emerges from the discharge pi|)e 
is [in such a {high state of dilution 
that it will not remain in place unless 
confined within banks or bulkheads. 
Some method of removing the sur¬ 
plus water in the discharge pi[)e may 
be usotl effectively; one such method 
being the installation of overflow 
strainers placed at intervals in the 
upper sections of the pipe. 

This tyi)e of drerlge is unique 
among excavators in its ability to 
discharge the excavattnl material in 
any direction and at a considerable 
distance from the site of the excava¬ 
tion. This wide range of disposal is 
of especial value in the filling in 
waste lands along waterways. 

SUBAQUEOUS ROCK BREAKERS 

LOBNITZ ROCK CUTTER 

For use in connection with the 
beds of channels through very indu¬ 
rated materials or rock whidi must 
be broken up before the removal by 
dredge, there are two radicdOly ffiffer* 
ent types of rock breakers: tbeLob- 
mU rock and the dtiR be«.t. 
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The Lobnitz rock cutter con^sts of a heavy chisel of steel» 
waghing from 4 tons to 15 tons, and quipped with a hardened- 
sted cutting point. The chisel is raised to a height of from 5 to 
10 feet and then droj^Kxl upon the surface of the hard material. 
The impact of the falling point serves to splinte-r and fracture the 
material so that it can be removed by the dipper of a floating dipper 
dredge, or by the buckets of a ladder dredge. The cutter is capable 
of brealdng up the hardest rock, in layers 8 feet thick at a tinte. 
The cutter is mounted on a hull composed of two barges, rigidly 
connected by cross-frames. The details of a l/:>bnits rock cutter 
are shown in Figs. 62 and 63. 

In Europe, where this form of rock breaker is in general use, 
the ladder dredges are often pn)vided with several picks or chisels, 
located in a well alongside of the ladder. These chisels are placed 
about 2 feet apart and are operated singly or in unison. The picks 
are generally made of heavy timbers which arc provided with hard¬ 
ened-steel points. The buckets of the ladder dredge are made 
especially heavy and provided with teeth on the cutting edges. 
With a 10-pick ladder dredge, an excavation of 43 tons of iiard 
rock per hour has been made. 

THE DRILL BOAT 

Speed a Characteristk;. The Lobnitz rock cutter has not found 
favor in this country on account of its sl-»w sjjeed and cumbersonu! 
method of operation. Hence, a drill boat has been devised and 
this machine iLses the standarri steam-actuated pei^ussion drills, 
which provide great lifting and striking power combined with a 
larger number of blows per minute. 

The drill boat consists of a barge equipped with a spud at 
each comer to .support it upon the bed of the stream during the 
drilling. Each of the four spuds is operated by a pair of independent 
engines geared to a rack on the side of the timber. When the drills 
are in cqteration, the spuds are forced down until the boat is raised 
above tlw bright of normal flotation. The constant elevation of 
the boat is maintained by the automatic regulation of the steam 
pressure in the spud engines. 

The drills are st^m-operated percussion drills, similar tn 
dealga and operarion to the ordinary steam drills used in drilling 
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S4. Drill Boat Operatinc in a Harbor Cbannd 
of Great fjokee Drttlfe an4 Dock Company, Chicago 
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<Hi iand. Tlie piston diameter is from inches to 6| inches^ and 
the'diiUs are mounted on movable stedi towers, which run on a 
track along the side of the barge. The drills may be raised or 
lowered along vertical guides 15 feet to 30 feet in length, llic 
teed of the drill is controlled by hydraulic phuigers having a stroke 
ecjualing the length of Hie guides and moved by long screws which 
are operated by small engines. The towers are moved along the 
track by steam or by hydraulic power. 

A view of the drill side of a drill bout drilling and 
blasting bed roc*k in Boston' Harlxir clianiicl, is shown iu 
Fig. 04. 

Cost of Operation. The output ami cost of operation of a 
drill boat depends uiion tlic number and size of drills, tlie character' 
of the rock, the depth of cxc-avation, etc. It is impossible to state 
any general rules which may be used in this class of work. The ^ 
following statement is given as a typical case* of the use of a drill 
boat in cha!nnel excavation. 

lUtutiraiive Example. Tlie work consisted in the excavatiiin 
of a sliip channel, 2KX) feet wi<le and 17 feet deep, in a large rlvi r. 
The material was a very hard limestone rock occurring in strata 
from 20 inches to 30 inches thick. The work \cas carried on in a 
stream having a current of from 8 miles to 12 inik's an hour, in au 
area of turbulent w'ater. 

The drill boat W'as equipped aith h-ar .Viiich ilrills, which 
operated through four slots, each 20 long and 18 inc'hes vride, 
and located in the forward part of the barge. The drill frames 
carried steel drill spud.s with pipe guides for tlie drill bars, and were 
arranged to move along tracks the length of the wells. Thus each 
drill made several holes at each set-up of the barge. Holes were 
drilled and blasted in groups of four. The rtx'k was* drilk^l below 
grade to a depth equal to half the hole spacing, which was alxmt 
6 feet. The dynamite used was proportioned on a baias of alxiut 
1 pound to a cubic yard of rock. 

Tim baige wa^ supported on four 20 X 20-inch power-controlled 
spuds. 'Oear drums operated five iH^ch breasting chains, one 
hading upstream, and two over each side. Each chain ivas attached 
• to an auchcKT weighing about 1 ion. 

The monthly ocMit of operation is as follows: 

* 
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Ijahar: 


Operating Cost of Drill Boat 


l Raptain 

$100.00 

4 driIlfT«, $75.00 eac;h 

300.00 

4 hf'lpora, $!i0.00 each 

120.00 

1 fireman 

• 30,00 

1 maehiniat 

05.00 

1 bhickflmith 

70.00 

1 help»;r 

:io.a) 

1 blaster 

60.00 

1 helper 

.^5.00 

1 cook 

30.00 


Total labor expense;, pea* month SK40.00 


Board nrui I^nlgitig: 

HI men, # tl2 (X> each, iM>r month $192.00 


Furl aiut Supjilie»: 

00 tons coal, @ $4 .(M) 

Oil, and waste 
Blacksmith’s coal 
Steel, iron, and supplies 

Total fuel and supplies 

Gnmd total, per month 
Ckwt of Drilling, imt drill hour 
Cost of Drillinif, jkt foot drilltHl 
Avenige Ih'pth of Drilling, per 1 
Depth of Drilling (ft.) 


$240 00 
40.00 
1.5.00 
.52. (K» 

$.147 00 


$1,.379.00 
1.10.5 
0.040 

(H.) 2i 

0 to 11 


Field of Usefulness. The two ty{)es of rock breakers are 
very efficient for subaqueous rock drilling and give results which 
compare favorably with drilling on land. 

The Lobnitz rock cutter works most efficiently in shallow 
cuttings of stratilicHl rock, which is easily shattered. The drill 
boat, of the .American type, does its most efficient wrork in hard 
pock of depths of over 3 feet. 


TRENCH EXCAVATORS 

Classification. The great amount of trenching nec&eitated 
construction of sewer, water>supply, and dnuni^ systems 
ims liidi^ in recent y^rs, to the development and use of mccavators 
eqp«(a^y adapted to' ^is class dl woik. These tfendi madunes 
are ihnie efficient and economical than hand labor on work of aiiy 
mag^tude. ^ ^ ^ 
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Trench excavators may be divided into two general classes 
as follows: 

(1) Sewer and water-pipe trench excavators. 

(2) Drainage-tile trench excavators. 



j... 


Fit- as. TfCmSajl Denidc on Truwb Hvbmntion W<m4 

Boiatimg MaMnmTf CMnjMnjft vUftland, Ohio 
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PIPE-TRENCH TYPES 

This class of excavators embracjes five distinct tyjjes os fdlows: 
the traveling <lerrick or locomotive crane, the continuous bucket) 
excavator, the trestle-cable excavator, the trestle-tnlck excavator, 
and the tower <‘ableway. 

r 

TRAVELING DERRICK 

1'he traveling derrick or locomotive crane is a very useful 
and adaj)table tyi)e of excavating, hoisting, and conveying machine. 
It has been serviceable in many lines of construction work as the 
machine may l)e used for excavation, transportation of various 
kinds of materials, loading and unloading wagons, cars, barges, 
etc. In this discussion, we will consider the machine only as a 
trench excavator. 

Construction. The essential ]mrts of a traveling derrick arc 
the car, the hoisting engine, ami the derrick. The machines are 
made in capacities varying from 3 tons to 20 tons. A machine on 
trench excavation is shown in Fig. (55. 

The car is a steel-frame platform which supports directly 
the cast-iron turntable bed and the counterweights. The platform 
is mounted on a 4-wheel truck, equipped either with broad-tired 
wheels for road traction, or wth standard railroad wheels for the 
smaller sizes of crane. The larger sizes, generally above 10-ton 
capacity, are mounted on two 4-wheel trucks, equipped w’ith stand¬ 
ard railroad wheels. The car is provided with drawbars for the 
4-wh«x4 type, ami couplers, steam brake, grab handles, steps, etc., 
for the 8-wheel tyjje. 

Operating Equipment. The power for the cranes may be 
steam, electric, or that funushed by an intemal-c»mbustion engine. 
Ordinarily steam power *is used, but the other kinds would 1^ 
innre ectniomical when the cost of coal or wood is high compared 
with electric power and gasoline. 

The steam equipment consists of a boiler, engine, hoisting 
medbanism, rotating mechanism, and traveling mechanism. The 
boUerisof the verd(^, tubular t>'pe, and should be capable of Work¬ 
ing at a pressure of 100 pounds with quick-steaming qualities ,axid 
large steam capacity. The engine is usually of the vertical, doubleir 
cylinder iypet provided with link*moUon reversing gear, wide- 
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ported slide valves, etc. The hoisting mechanism con^s of a 
dout>kMlrum winch. The hoist drum is driven from a friction , 
clutch on the main engine shaft. The shell drum is operated fron# 
the hoist drum by a slip friction. Both drums are controlled l»y 
friction-clutch brakes, leveroperated by one man. The rotating 
mechanism consists of 2 friction clutches driving a chain of gears. 
The upper platform, which supports the operating and excavating 
equipments, can Iw W'volved in either direction through a complete 
circle. The traveling mechanism consists of a set of gears driven 
by a friction ciutch on a shaft geartsi to the crank shaft of the engine. 
The machine may be moved in either direction. 

Excavating Equipment. The excavating equipment consists 

of the boom or crane, and the dipi,)er or bucket. The lxM»m is a 

steel-frame slmeture, hinged at its lower eiul to the front of the 

«» 

upper platform, and supported at its outer and uj)p«*r end by guys 
extending to the rt?ar corners of the jdathirm. At the outer end 
of the crane is the sheave over which the lM»ist line passes tm its 
path from the rlrum to the bucket. 

The bucket or dipjHT nuiy be a grab bucket, of the orange- 
|jecl or clam-shell tyjjc, or a drag-line dipjicr. The former is used 
for the exf'avation of st>fttT soils while the latter is more serviceable 
in tlie removal of the denser and hanler soils. In the latter case, 
a separate drag-line drum must In; provided in the hoisting 
rat'chanism. A traveling derrick using a <lrag-linc bucket iii canal 
construction is shown in Fig. 0(3, 

Method of Operation. A traveling derrick is operated by 
a ert'W of three to tern men, depending on the amount of extra ialnir 
netressiiry. An engineer controls all the operations of excavating, 
n>tating, and traveling, a fireman o}xrrat<rs the boiler, a signalman 
is often necessary for deep-trench work, and one or more laborers 
affe usetl for general service al)out the machine and in the ^xcava- 
tiou. Wlien a .skip is used, shnvelers are required. 

The method of operation is very .similar to that of a revolving 
shovel and tlie student is referred to that section of the text for 
a complete di.scussimi of this subject. 

Oh trench excavation, one machine may be used for exca^rion 
only, or may excavate and later return to back fill. On large’ 
works, it has been fofil^ adMuitageous to use two or mote machines 
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coortUnately; one for the rough excavation, one for the finished 
excavation and for handling pipe and materials, and one for the 
#back filling. 

Cost of Operation. The cost of operation would vary greatly 
with the size of the machine, the efficiency of its operation, the 
cliftracter of the material, etc. The following statement is given as 
an approximate idea of the cost of operation under average con* 
ditions. 

lUtMtraiire Emmjtle. A 10-ton madiine, equipped with an 
automatic ekm-shell bucket of l-vard capacity, and moving on a 
track along the si<le of the trench, will be considered. The material 
is clay for a depth of 8 feet, and is underlaid by a suKstratum of 
gravel. Following is an estimate of the cost of operation fur a 
10-hour w’orking day: 


Labor; 


Operating Cost of Traveling Derrick 

1 engincor $5.00 

1 fin'miiii 2. .50 

3 labon'ra, (S; $2.00 eftoh fJ (Ki 


Total lnl)or cost, per day 


Fuel and Snppliee: 

1 I on eou] $4 00 

Oil, wast^*, and repairs 1 50 

Total fuel and aupplu'S 
General and Overhead Expeneen: 

Depiwiation (5% of $50(K)i* $l 2.5 
Interest (67o of $5000)* 1. .50 

Incidental expenses * 2 25 


$i;{.50 


$5.50 


Total general expense 

$5.00 


Total Cost of Work for 10-hour Day 


$24.00 

Total Excavation for 10-hour Day (cii. yd.) 

400 


Unit Cost of Traveling Derrick Excavation, per eu. 

ycl.. 


$24.004-400« 


00.06 


Field of Usefulness. The traveling derrick is economical for 
tmich excavation when the soil is loam, day, satul, or gravel, and 
can be easily handled by a grab bucket, or a drag or scoop bucket. 
Hus type is ^peddly adapted for wide trenches, over 5 feH in 
width, which cannot be readily excavated by other types. 

*B«Md npoB ago woddag darn in a jwar aad » DO^eer Ufa. 
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This type of excavator is verj"^ efficient with good mani^ment, 
as it may lx* used for excavation, back ffiling, and pulling sheeting. 

CONTINUOUS BUCKET EXCAVATOR 
Construction. There are several makes of madune, which ace 
especially devised for the digging of trenches with vertical aides. 
This tyi)e of excavator has been developed in recent years to m^t 
the demand for a machine for municipal work under favorable 
conditions of soil and for large work. 

An analysis of continuous bucket excavators shows the following 
essential parts: a frame supiK)rte<l on wheel trucks, the oi^erating 



Filf. 07. Di»icram of ParimiM Trench Excavator 
Caurltnn «/ (1. W. ParMnt (.'ompanu 

mechanism, and the excavating mecfhanism. 
All makes are built on the principle of the 
continuous excavator or ladder dredge, and 
differ only in details of construction. 

The platform is built of steel membera 
strongly braced and framed together. It may 
be supported on 2 trucks equipped with 
broad'tircd wheels, or made in two sections and supported on 3 
trucks. In tl»e latter case, the rear section which carries the exca¬ 
vating chain is hinged to the main section’ and is supported on 1 
truck. Fig. 67 shows a diagrammatic view of this type, and Fig. 68 
shows B view of the ringle-platform machine. 

' Opeittiiic Eqiiipfiieiit. A steam or intemal«c<Hnbt£3tion engine 
ma}' be tosed. The 'Kl^r is more economical in sections of the 
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where coal is expensive, and iseleaner, more compact, and does 
away with the use of a fireman and the discomfort of a boiler in 
w'arm weather. 

A steam-power equipment consists of a boiler, an engine, and 
tlie transmission mechanism. The boiler is of the vertical, tubuhur 
type and is placed near the front end of the platform. The 
engine is placed behind the Imiler and is of the single-cylinder, 
vertical type. Power is transmitted to the buckt'it chain, the dis¬ 
posal conveyor, and tlie central axle, for traction through gears 
and sprocket chains. 



Fix, OS. C;hiriMtu Tren<'b Esfavator 
Cewtttnu of F. C. Atu^in Drainage ExcauUar Comftang, (fhieago 


Excavating Equipment. The excavating equipment (x>asists 
of the bucket chain, and the disposal conveyor. The bucktd; chain' 
ill' one type of machine comprises an endless chain moving over 
aproc'ket wheels on the ends of an arm, which is suspended from 
the rear end of the platform and is adjusted to permit of the exca- 
vatirni to the propter grade regarrlless of inequalities of the surface 
over which the machine passes. In the other type of trench 
machine, a circ'ular wheel is siisperided frr>ni the rear of the platform 
and revplves on a central axle. 

The buckets are attached to the sprodeet chain or to the 
periphery ol the wheel. They are scxxip-shiqied ami provided with 
* cutting edgra or teeth, dqietiding upon the natum of the material 
^to be excavatfxL Hie - width of the trench is governed by the 
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width of the hnckcts, which are made in several widths and can 
be easily removed and changed. In one make of machine, an 
increased wj<lth of trench can be secured by moving the w'hole bucket 
chain sideways along the supporting frame. This arrangement 
provides for the excavation of a trench up to 0 feet in width without 
changing the buckets and also the excavation of a manhole at any 
point without delay. Fig. 09 shows a sectional bucket used on 
tlie Parsons Trench Excavator. 



FIk no S<>i'tiunBt tiuckfit CarU on Corwiw Treorh Excavator 


The dis{>osal conveyor consists of a belt <’onveyor placed at 
the rear of and transversely to the platform. Its elevation is below* 
th|t top of the bucket chain. At the top sprocket, the buckets 
turn over and deposit the material on this moving belt, which 
conveys it to one sale of the trench and deposits it in a spoil 
bank. 

Method <rf Operation. The lalmr crew necessary to operate 
a teondi excavator dqiends on the chanurter and magnitude of 
the Irorik and the kind of power used. With a steam-pojjrw equip*' 
nieiit, an engineer of operator, a fireman, and one mr more helpers 
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will be required. The operator has direct charge of the operations 
of excavation and traction. The fireman operates the boiler and 
has general siJ|XTvisioii of the en^ne. The helpers are of general 
scTvictJ in furnishing the macliine with fuel, water, and supplies, 
in bracing the trench when ^ecessarj’, and in general service aboUt 
the work. v 

The bucket chain moves <lownward and inw'ard and removes 
a thin slice of material as each bucket comes in contact with 
tlic soil. The depth of cut is regulated by raising and lowering 
the free end of the frame. When obstructions, such as cross piix*s, 
largti Iwuklcrs, etc., ixrur, the chain may be rai.sed over them and 
fc<l down into the earth oJi the otlier .side. The material, from the 
top of the revolving chain or wheel, fulls ui>on the lx*lt conveyor 
and is carri<*d to either .sichi of the trench, making a Cf»ntiimous 
simil bank. 

\Vb<*u one section ha.s lx*cii exoavatcfl, the machine moves 
ahead and starts another Bli(‘e» The excavating chain or wheel 
can he rai.sed clear of the surface and the machine mov'cd over ordi¬ 
nary roads at a sjaxsl of RlH)ut I mile per hour. Table VI giv'es the 
rlinicnsion.s, weights, cap«<itics, arxl costs of three different makes 
of trench excavator. 

Cost of Operation. The following comparison of the cost of 
excavation of a trench by hand aiul by machine labor will lx? of 
intcTcst to the student, w'ho is iirgctl to make a clo.se study of the 
method of analysis. 

llluMratim Kjrampk. The soil is clay and loam and the ground 
surface fairly le\’el and sr>lid enough to support a trench machine. 
The trench has a width of 28 inches and an average depth of 12 
fwt. Each laborer will e.xcavate 7 cubic yard.s per 10-hour da;^ 
and u$ the material must be rehandled for the last 3 feet of depth 
of i‘ut, wc will assume 5 extra men for the work and not include 
their output. A crew of 45 men will dig 3.50 feet of trench during 
a 10-hour day and the total excavation will be about 315 cubic yard.s. 
Tbc same crew will back fill at a cost of 7 cents per cubic yard. 
Tlie machine will excavate 250 feet of ^nch per 10-hour day. 
The back filling will be done by teams and scrapers. 

Following is a detailed statement of the cost dF 1% wwk for 
the two methods, based on a 10-hour day. 
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Labor: 


1 fonwnan 

$ 4 .tK) 

‘'P 1 timbemum 

3.(X) 

■ I helper 

2.50 

* 1 pipe layer 

3.(X) 

^ 1 helper 

2.50 

50 laborers, @ $2.00 each 

KKl.OO 


Total labor cost for exiravation $115.00 

Back filling 315 cubir yards, # 7c 22.00 


Total cost of Hand Work fot a 10>hour Day 


$137.00 


Cost of Trench Excavation by Machine 


Labor: 

1 foreman $ 4.00 

1 tinitM‘nnau 3.00 

1 liclpt'r 2 50 

1 pii)c layer 3. (K) 

1 hHi>or 2.50 

1 engineer ^ 4, (K) 

1 fireman 2.50 

O * ^ m, nn i / ' hauUng forcxHivaior 

3 teams, $4.00 each 

back filling trench 12.00 

2 laborers, @$2.00 each 4. (N) 

Total labor (x>st, i>er day $37.50 

F%td and Supjdien: 

1 ton coal $5.00 

Oil, and waste " 1, (X) 

Water 1.00 

Total fuel and supplies $7.00 

Overhead and General Expeneee: * 

Interest (6% of $6000)* $1. HO 

Defneciation (10% $6000)* 3.00 

Kepaire 2.70 

Incidentals 4.50 


Total gmeral and ovorhearl expenses 
Total Cost of Operation for a 10-hour Day 


$12.00 

$50.50 


Tot$l cost of excavation of 315 feet of trench, pipe laying, and 
back liHing by hand wevk, for a ICMiour day, is $137.(K). 

Total cost df excavation by machine of 225 f^t of trench, 
pipe lay^ by hand work, and back filling by scrapers is $50.50. 

*BsMd npgo $00 woridas dam ia a v«sr sad s Iftiyuar Ufa. 


m 
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A comparison of the abo\'e results shows that during a 10-hoitf 
day, a trench excavator will do al>out 70 per 4 Jent df the amount of 
trench excavation that can Ijc done by hand labor and at 40 ^ 
cent of the cost. 

Field of Usefulness. The continuous bucket excavator 7s 
cs|)ccially adapted for trench excavation, where the width d(V*s 
not exceed 72 in<'hes and the depth 20 feet, an<l the soil conditions 
arc favorable. This Is especially true through the Middle West, 
where clay and loam vith few obstructions such us boulders, roots, 
etc., predominate up to shallow depths'^ 

On account of the great weight of the machines, they are not 
practicable for use in soft, wet soils, unless mounted on caterpillar 
tractors. For the excavation of hard soils, considerable trouble 
is often cxiHjrienced on actrount of tlie breaking of the bucket chain. 
Hence it is desirable to use a machine with a strong, heavy chain 
for the digging of hardpan, blue clay.and other hard, tough materials. 

The trench excavator is efficient and €‘c*onomicHl for the exca¬ 
vation of trimches 24 inches and over in width and over 6 feet in 
depth, and one machine can d<t the work of from 80 to 200 men. 

TRESTLE CABLE EXCAVATOR 

Construction. The trestle cable excavator has been in general 
use, especially in the eastern section of this country, during the past 
.'10 years, for the excavation and back filling of large trenches for 
w'aterworks and sower systems. It has many admirable features and 
is es]^>eeially well-adapted to large server trench work in hard soils. A 
trestle cable excavator on ^wer-trench construction is shown in 
Hg. 70. 

This typ«‘ of exc*avating machine consists of a series of trestles 
supporting an overhead track. The trestles or bents are connected 
jTuds at tlie brittom and by the beam track at the top and rest 
upon a plank or rail track. The operating machinery is carried by a 
platform located at one end of the structure. The overhead track 
s^ports several carriers which carry the buckets tubs. The 
whole framework is self-contained and can be moved ahead, as a 
unit from one section of the work to another. 

, The trestles are made of timber framed together to fim square 
ordll-aliiq)ed bents. Hkgty are from 15 feet to 20 feet%t bright 
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and are equipped anth castor frames, wheels, etc. These bents 
Bje connected together at the bottom by bmrs of tubular steel of 
fi|pm 1 inch to 2| inches in diameter. Tlie bents rest on T-rails 
which are spiked to sections of planking, and enough track is provided 
lo move the whole machine ahead 100 feet at a time. 

^ The track or support for the travelers or carriers is made up 
of sections of i-beams or channels which are bolted to or hung from 
the head blocks of the bents. 



FI*. 70. Trwtlc Kacavutur un 8«wor TwmcIi (Uinatniirtioti 
CoutUmh of Carton Tmuk Marhint Companu, BoHon, MaMMfhuMttt 


Operatinf Equipment The operating e(]uipment coiLsists of 
the -boiler, engine, and car upon which the machinery is plattnl. 

The lx>iler is of the vertical, tubular type, and is equipiieti with 
all appliances for efl&cient operation and control. It is usually 
operated at a steam pr^sure of about 1(X) pounds. The engine 
is a 2-drum, doubfe-cyJinder, hoisting machine with reversible link 
motion. iJThe drums are controlled by friction-cbitch brakes; one 
. carries the hoisting rope, and tiie other carries the endless repe wiudi 









126 EARTHWORK 

» 

operates tlie carriers and buckets. The drums are itidepei^Biity 
and so arranged tliat they may be operated in unison or 
The bntier and engine are generally mounted oh the same W plate . 
which is supi>orted by a platform mounted on rollers or wheel trucks. 
The front end of tlie car supports the head trestle. A suitayb 
house is usually built, in sections, over the platform and may be 
used ctjmpletely or partly, depending on climafic conditions. 

Excavating Equipment, llie excavating equipment coniasts 
of the tubs, the <!arri«Ts and the cables. 

I'ptm the overhead track run several carria^s, travelers,or 
carriers, whiih are provided with wheels made to fit the flanges oi 
the structural sections. P'rom each carrier is suspended a tub which 
is equipped w ith an automatic catch and is selMumping and self- 
righting. The carriers are connecte<i by a continuous rope wliich 
is oj)erated l>y a drum on the engine, and are raised and lowered by 
hoisting rojMJS c<uitroUe(l by a rope ojwratetl by another drum on 
the engine. 

^ Method of Operation, 'riie lalnir c*rew necessary to operate 
a trestle cable exd'avator consists t>f an engineer, a fireman, a lateh- 
num, and a tubman. Tlie engineer oi>t*rates the engine and has 
general charge of the work, 'riie firejium .supplies the lM>iler with 
fuel, and oils the imnbinery. The latrhnian op<*nite8 the latches, 
whi(‘h release and grip the tub lines fur raising and lowering the 
bw'kets. Tht' tubman hooks and unhooks the tubs, and has gen¬ 
eral charge of their filling and emptying. 

The madiine Iwing set up in position, the engineer operates 
the hoisting line and releases the jaw clutches on the tub ropes, 
*tlius allowing the tubs or buckets to drop into the excavation. 
The tubs are unhwiked and anotlier set of filled tuba hooked on. 
llie loaded tul»s are then hoisted up to tlie locks on the carriers^ 
ami the whole set is moved to the disposal place by the operatiem 
of the eontiuuous traver.sing line. I’sually one st^ction of the t^ch 
i.s being exeavHU>d while another section is Iwing back filled, 80 
that the material removed at the former place can be utilized direc%, 
in the latter. It may be necessary at the beginning el the 
or in fl^'ial cases of crosfungs, ett'., to dump the material i|^‘ 
toxqiorary spoil banks, or into carts for removal from the site. ' As 
£M)on as one section is completed, the machine pulls ilMI 
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by loeaiis of a winch on the engine and a rope pasdng tliroi^ a 

ipaich black attached to a deadman set ahead. 

r Machines may be had with double and single upper track!». 

The nominal capacity of a double-track machine is 50 per cent 

^reatei* than that of a sind^e-track machine, as one set of bucWs is 

bgmg raised loaded, while the other set is being lowered empty. Tbus 

3 sets of buckets aie continually in use, one set being filled, one 

hoisted and carried to the dump, and the other dumped and returned 

to be loaded. A double-track machine is more cHsinomical for 

trenches over 5 feet in width. 

• 

The average output for a 0-buckct, sin($le-track machine is 
about 125 cubic yards for a 10-hour day. 

Cast of Operation. The rental charge of a (>-buckct, single- 
track linchine is about $3(K) per month. The i'mt of transportation, 
.setting up, and dismantling a ill vary with the distance, length of 
haul, experience of men, et<', and a'lll range from $UK) to $r)(K), 

Alamt 1 ton of coal pc*r day will Iw ustsl, and the cost of oil, 
a'a.ste, 4 >upplies, etc , a ill \ary fn>m $1 to $5 per day. Tlie net t 
of uperadon of the machine W(»uki be alanit S'i.*) {mt da>. Assuming 
an average output of 100 cubic* yards, the <*ost of the a'ork exchisise 
of sheeting, pumping, IcKisening of material in trench, etc., would 
be about 25 cents per cubic jurd. 

Field of Usefulness. The trt‘sile cabh* excavator is e.spccially 
adapted to the ex<*avation of tn‘iichc‘s for large sewers and water 
mains in hard soils, and in city streets. The work is restricted to 
the immediate area of the trench, leas ing part of the strc'ct unob¬ 
structed for traffic. The method of operation is efficient, as the 
enravated material is getieralls used directly in back filling. The* 
^nethod of operation is also eas\, simple, and safe. 

TRESTLE TRACK EXCAVATOR 

0 

Coq^metion. Ibe trestle track excavator is very simitar in its 
^letbod of operation to the trestle cable excavator. The principal 
difference is the suspenrion of the carriers from a car or carriage 
wlidi moves akmg a trade sui^XHied on the tojjw of the trestles. 

\ The ooustniction consists of a series light, steel-frame trestles, 
iff trapeeddal shape and 6 feet in height, f^Mued about 10 feet on 
jcenters. Tbesptrestkaf are mounted on doofale-flaDgled wheels, ifkldb 
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run <in mils. 'Ilii* tops of the trestles are conoected by steel dianifadb 
which fonri a contuiuous track on which the carriage runs. 

Operating Equipment The operating equiinneni conrists of 
a vertical, tubular boiler, and a double-drum hoisting engine, cait^ 
on a (‘ar at the forward end of the machine. ' * 

Excavating Equ^ment The excavating equipment consists o£^a 
steel-frarne car supportcsl on four wheels which run upon the trestle 



Kilt 71 Tnmtle Truck Excavator 
o/ f’oUfir Mnnufiuiurin 0 i.'«mpanji 


track. The car is ot)eiiited by cables which connect tiyHie hcHSttiq( 
engine. On tlie car Is a hoist which raises and ]ow<m tv^ sted 
buckets. The buckets are made in three axes; J-, and i-cubic 
jird capaattcs. A -view of a car in operation is ^own in Fig. 71. 

M^iod of Operation. The machine requires a crew ol 
3 men; onfe to operate the hmsting engine, and two to operate the 
bucket hoists on the dlMuige. 
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The carriage is moved by a ^^me from the hoisting engine 
to the j^aoe of excavation, vrhere either one or both buokets’^ere 
lowered into the trench, filled by the laborers in the trench, and 
mhied above the floor of the car. The car is then moved to tlic 
^ace of backfill or dump, where the buckets arelowcrtMl and duiyped. 
^ Cost of Op^’atlon. The following statement is gi\^n as a 
t>'pical case of the cost of excavation with a trt*stlc track machine. 

Ittmhatim Kjeample. The tri*nch ha<l a width of 21 feet and 
an average depth of 30 feet. The material extravated consisteti 
of a sliallow top layer of loam, th«?n 15 feet of soft blue clay, 6 to 
8 feet of stiff blue clay, 1 fcK»t of sandy loam, and then about 2 feet 
of hani blue clay. The trench machine was equipped with 6 buchets 
of l-cubic yard capacity, and 4 were fillet! while the remaining 2 
w'cre being removeel and dumiicd. The extMvator removed the 
lower 12 or 14 feet of the trench. 

The following gives the cost of operation based on an 8-hour day. 


Operating Cost of Trestle Track Excavator 


Lakwr: 

1 fon>rnan t 4.(10 

1 rogtoeer 5.(K) 

I fireman 2 .'iO 

1 car operator 3. fiO 

1 car helper 2. (N) 

20 luhorem in trench, # t2.00 1 'ai'h (0.00 
1 laborer on dump ( 00 

Total labor e<i8t, jKt day 

Fmti and Supplies: 

i ton coal, ^ 15 00 , 12.50 

Oil, waate, ete, *1.00 

Aepairs 1. .50 


/ Total fuel and atippliea 

Omani: 

Rent of machine, ^ 1125 per month 


rio.oo 


$.5.00 
$5 00 


’ Total Cost of Operalkm for an 8-hour Day 
Average Daily Excavation <ou. yd.) ^ 

%iiit Cost of Trestle Track Excavating, im eu, yd.. 


989 . 00 + 175 - 


176 


$00.00 

00.39 


Fidd nt Usefuloess. Tlie tresde track excavator has the smne 
• scope fund advantages as the trestle cable excavator.. It is especially 
effident in trench excavation in congested dty streets where the 
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demands of keeping at least part the street open to public traffic 
requires the restriction of the work to as limited an area as posrible. 

On very wide trenches, it is advisable to use a machine equipped 
with a double track and 2 cars in order to facilitate the work. 

•f 

TOWER CABLEWAY 

Develqimefit. The tower cableway is an excavating, hmsting, 
and conveying device devised about 1875 for slate quarries in 
eastern Pennsylvania. Then for a period of years the cableway 
WHS used largely in quarry work and logging operations. In more 
rwent times, this machine has been adapted to the conveying of 
materials on construction work, the excavation of the lighter and 
softer soils, the hoisting and conveying of the harder soils excavated 
by other machinery, etc. This article wdll deal with the use of 
the cableway in trench construction only. A double cableway 
on trench excavation is shown in Fig. 72. 

Construction. The essential parts of a tower cablew'ay are 
the towers, the cable, bucket or dipper, carrier, and the power 
equipment. 

The towers are framed timber structures varying in height 
with the location and character of the work. They are either fixed 
or anchored in position, or mounted on wheel trucks which run on 
tracks, thus providing for the movement of one or both ends of 
the cableway. The tops of the towers are provided with saddles 
and sheaves for the cables. 

Operating Equipment. The operating equipment of a tower 
cableway consists of a boiler and an ei^ne. 

The boiler is generally of the vertical, tubular tj'pe, and equipped 
with the necessary accessories for operation at a pressureof 100 pounds. 

The engine is a 2-drum, double-cylinder machine, fitted with ^ 
rewersible link motion. The drums are of the friction-brake type; 
one for the hoisting rope, and the other for the endless, trav^ng 
rope or cable. The drums are so arranged as to be operated together 
or independently. The machineiy is placed on a housed-in jdat- 
form built of timber, and supported on 4 car wheels which run cm 
i^iort sections of the track. 

Excavqtlng Equipment The excavating equipment comimses 
a traveler, the tubs, buckets or skips, and the cables. 
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Tile main cable is made of crucible steel and of a diameter 
depending up»on the span, load, elevation, etc. It passes over 



• the tops of the towersi ia anchored behind them, 4nd is the track 
which the carrier passes. The hoisting and trav«*»ing ippes 
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are crucible^teel cables of from f inch to { inch in diameter and 
extend from their respective drums on the eni^ine over the sheaves 
at the tops of the towers and thence to the carrier. 

The traveler or carrier is a wrought-iron frame wliich carries 
the sheaves over which pass the hoisting and travenang cables 
and the fall block w'hich supports the tub, skip, or bucket. The> 
earner is provided with 2 or more flanged wheels which run on the 
main cable. One or more carriers may be used on the same cable- 
way. 

‘The fall block of the carrier supports the tub or skip which 
is of steel or wckkI and of widely varying capacity. For trench work 
tubs are generally used and are made of steel and provided with 
double bottoms and automatic catches. When the cableway is 
UMsi for direct excavation, grab biuhets or drag-line buckets are 
used and require special operating equipment. 

Method of Operation. For trench excavation, a cableway 
having a length or span of from 200 feet to 400 feet is generally 
us«*cl. The length of excavation will l/c about .*>0 feet shorter than 
tlie distance bctw'een towers. 

The lalwr crew required consists of an engineer, a fireman, a 
signalman and two or more laborers. The engineer operates the 
engine and has general charge of the work. The fireman provides the 
boiler with fuel and water, and looks after the oiling of the machineiy. 
The signalman signals to the engineer for the raising and lowering 
of the bucket or tub. The laborers are used in filling a nd in dumping 
the tub, and in general service about the job. 

The bucket is lowered into tlie trench, filled by the shovelers, 
arid then raised above the excavation by the operating of the hoist¬ 
ing drum, W'hich is thrown out of gear and held by a brake. The , 
traversing line is then operated and the carrier moved in either 
cUredtton until the bucket is over the place for durnfang. Then 
the bucket is lowered by means of the brake band on the hmsting 
drum. The material may be used for back fill in a section df traich 
where the pipe is laid or dumped into a spoil bank or into wagems 
for removal to a distant place of disposal. A small orane or derridc 
may be used to advantage, adjacent to the mccavation, for the 
tmnsfor of the buckets from the cableway to the dumping board 
or hopper. 
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Cost of OperttiofU A tyjHcal case of sewer trendi oonatnio- 
tion wdQ be conskbaed ib the following statement of the cost of 
excavation with a cableway. 

lUriMraHve Example. The trench is 12 feet wide and with 
an average depth of feet. The soil varies from a surface layer 
j^of loam of 2-foot depth', through a clay substratum of 8 feet, to a 
hard gravel deposit. The machine has two 30-foot towers placed 
300 feet apart and is equipped with 1-yard tubs or buckets. Braong 
and sheeting vrere carried on at the same time as the excavation, 
and the sew'er construction followed closely to allow for back filling 
at one end of the section with the material from the other end. 

Following is an estimate of the cost of excavation under average 
working conditions, during a 10-hour day. A crew of 30 men are 
required to pick and shovel the material into the buckets and the 
average daily output will be taken as 300 cubic yards. 


Operating Cost of Tower Cableway 

Labor: 


1 fomnuin 

$ 4.00 


1 engineer 

6.00 


1 fireman 

2.50 


1 signalman 

2.50 


2 dumpers, (j^ $2.00 each 

4.00 


90 laboi^, ^$2.00 each 

00.00 


Total labor expense, per day 

$78.00 


Fuel and Suppliee: 

i ton coal, @ $5.00 

$2.50 


Oil, waste, etc. 

1.00 


Repairs 

1.50 


Total Fuel and Supplies 

$5.00 


General and Overhead Expmaee: 

Intwest (6% $8000)* 

$2.40 


D^neciation (10% of $8000)* 

4.00 


liM^klental aq>en8e8 

2.60 


* Total general expense 

$9.00 


Total Cost of Operaiuni for a l0>hour Day 


$92.00 

, Total Outpui for a lOdMur Day (cu. yd.) 

300 


Uatt Oort of Tower Cetdeway Ex»vatmg, pet oa. yd. of material 


handled, f02.Q04*$00- 


00.030 

Dnit Cost of Boiatbg, Canveykig, and DumiMag (eaccludiug pick 


and ibowA Iribor), per cn. yd. of material hatidled, tSSB. ()04-300 w 

00.097 

*Sawd apai|( 100 sNMUaa dsgw is a jwsr sad a 10 > 9 «ar fife. 
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Field of Usefulness* The cableway excavator has a wide and 
important field of usefulness. It is especially efficient in the handlmg 
of materials across large waterw'ays, valleys, quarries, pits, etc., 
where surface trarisiH)rtation would be difficult and very expensive. 
In the excavation of large quarries, gravel pits, surface mines, dam 
foundations, reservoirs, etc., the cableway can be used as a tower * 
excavator directly or to convey skips, tubs, or buckets which con¬ 
tain the material previously excavated by other machines. The 
same cableway can of course be used for the transportation of 
concrete, stone, timl)er, aiwl other building materials, as w'ell as 
tools, men, etc., during the t‘onstru<‘tion work w'hich follows the 
excavation. 

The cableway can lie satisfactorily used in trench excavation 
when the excavation is of large extent, generally over 6 feet in width 
and 10 feet in depth. With the use of this type of excavator, the 
weight of the machinery is largely concentrated at the ends of the 
trench, the cable is at a <*onsiderable height above the w’ork and 
allows space for storage, handling of materials, etc. The principal 
objection to the use of the cablew'ay on trench work is its lack of 
lateral control. It is almost impossible to avoid the swinging of 
the buckets during the raising and lowering, and this is liable 
to result in some displacement of and damage to the sheeting, 
forms, et<’. 

TILE-TRENCH TYPES 

General Features. Premling the year 19(X), trench excavation 
for drain tile was made largely by. hand. With the rapid and extensive 
development of agricultural drainage through the South and Middle 
West, came the use of machinery to economically and expeditiously 
perform the great amount of excavation work required by the 
construction of drainage systems. At the present time, there are 
seveiw makes of trench excavators, which are especially adapted 
. to tile-trench excavation. 

Tl|e essential parts of tile-trench excavators are practicfdly 
the same as for the W'ater and sewer-pipe trench machines, described 
under'Hpe-Trench Types. There is one make of machine wliirii 
has been i^iecially devised for the la>'ing of the tile as well as lor 
the qxaivat3<m of the trendi. A description of this machine ndli 

follow. 

£ 

t: / , WW* 
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HOVLAND TILE DITCHER 

Power Equipment. The Hovland tUe ilitcher is made in 
two sections: a front platform which carries the power equipmmit, 
and a rear platform which carries the excavating chain. Both 
platforms are made of a steel framework supported on two large 
caterpillar tractors. Fig. 73 shows a general view of the Hovland 
tile ditcher. 

It will be noticed that the forward tractor carries the power 
equipment which consists of a verticul, 3-cylinder gasoline engine. 
The main shaft of the engine is connected by sprocket chains to 
the driving shafts of the excavating belt of tlie tractions, and of 
the belt conveyor. 



Fill. 73. View of Hovland Tile Ditcher 
Co«r(e«v of St. Paid Machinery Manu/aeturinti Compani/, St. Paul, Minneaata 

Excavating Equipment. The excavating equipment is carried 
on the rear platform and consists of an excavating chain and its 
supporting framework. 

The excavating chain is made up of two continuous chains 
which carry an endless set of hinged links. To the vertical sections 
of these links’are-bolted the knives or cutters of any width from 
5 inches to 30 inches. The links are hinged in such a way that 
when a cutter strikes a stone or other obstruction in a trench, the 
<diain |^ves, and the cutter dides over the obstruction without 
jRfmy* automatic cleaning device consisting of a projecting 
amL is pif>^ above the upper end of the chain and scr^^ 
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the surface of each bucket as it passes. The esrcavated material 
is thus removed from the buckets and falls upon a mo^ng belt eon- 
veyor which is located under the excavating chain at its tq^r end. 

Tlie framework which supports the excavating chain is shown 
in hlg. 74. It comprises a small, upper wheel and a large, low» 
wheel, or drum, about which the chain revolves. The lower wheel 
is suspended by chains from the rear of the frame and can be raised 
and lowered by a gear-operated shaft. The upper w-heel is on a 
shaft which is chain-driven from the engine located on the forward 
platform. 

An adjustable steel-frame curbing can be fastened to the rear 
of the excavating tractor and drawn along the completed trench. 



Fig. 74. £s«av«tinc a’heel sod Frmme of Hovlaad Tile Ditelker 
Coutimu «/ Si. Paui Moehioarif Jifanufaeturint Compang, SI. Ptad, ITtmiMefe 


This curbing can be adjusted to the width of the trench and made 
h^h enough to project above the ground surface. A steel spout 
is pladed on the inner and curved portion and as the machine |MK>- 
gtesaea, a man places a tile in at the top of the spout, which is carved 
80 as to allow the tile to slide out in place akmg the bottom d the 
fimsh^ trench. 

Matbod d Operation. A crew of 3 or more men are neoeasary 
:to propefV operate a tile-trench excavator: an engmeer who has 
' cfaa^ d. the ^>^ting ^mpment, an operatm* who mampiilates 
the excavating whed>a tim^yer and<HmOTiiiocelfdMM>emWa^l^ 
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fuel, water, and supplies for the machine and for general service 
about the work. 

The revolution of the excavating chain or^hed. brings a series 
of knives or buckets into contact with the soil and each bucket 
removes a slice of earth, which is dumped upon the belt conveyor 
and carried to tlie spoil bank, at the sides of the trench. The 
operator lowers the wheel or chain into the soil as the excavation 
proceeds and governs the depth by a right rod, placed on the madutie. 
As soon as the required depth is reached the engineer sets the tractor 
cluun in motion and the maclune moves ahead to the next ixisitUHi. 

With the Hovland tile ditcher the drain tile can be laid as 
the excavation is completed, by placing the tile in the curb which 
follow's directly behind the excavating chain, Fig. 74. It is 
often necessary to reset the tile after it leaves the curb in order 
to secure proper alinement and close-fitting joints. 

One manufacturer has devised a longitudinal belt convejw, 
which carries the excavated material to a point l>ehind the machine 
anft dumps it back into the trench. This device has not been 
satisfactory because it does not allow enough time after the exca¬ 
vation for the placing of the tile. 

Cost of Operation. An approximate estinuite of the capacity 
and cost of operation of a tile ditcher will Iw given in the following 
statement. 

Jllmtraiiw Example. A trench nnurhiiie has a ga.soline powder 
equipment and an excavating chain or W'heel capable of digging 
a trench 14| inches wide and 44 feet deep. The soil is loam and 
clay with gumbo in places. The average depth of cut is 44 feet, 
and the average progress is 1300 feet per 10-hour day. 


Operating Cost of Tile Ditcher 

Labor: 


1 operator, $125 per month 

$5,00 


1 fireman 

2.00 


1 helper 

2.00 


1 team and driver 

5.00 


Total labor coat, per day 


$14.00 

JTiisI and SwpTffit*: 



10 gaOona gaaoluie, # 20o 

$2.00 


03, waste, etc. 

>x‘ • « 

.50 


, ^Totai fust and supply cost 


$2.50 


497 
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General and Overhead Bxpeneee: 


Iiitcrtwt (0% of 15200)* 
Dflprociation (12i% of 15200)* 
^Ropami ami incidentals 

Total general expense 

Total Operating Coat i>er 10-hour Day 
Avenige Prognssa per Day (ft.) 
Average Daily Excavation (cu. yd.) 

Unit Coat of Tile-Trench Excavating 


$ 2.00 

4.25 

2.76 


$9.00 

$25.50 

1300 

260 

’l>cr ft. $25.50<i-1300 00.010 

I)cr cu. yd. $25.50-t-260 00.098 


Field of Usefulness. The tile-trench excavator is a very 
efficient and practi(‘able uiut-hine for ordinary soil conditions in 
fairly level land with few' obstructions. Where the soil is low' anci 
wet, tlie machine mii.st be .supporteil on caterpillar tractors to 
distribute the w'eight over the soft soil. Where obstructions such 
as large stones, roots, etc., abound, a large amount of extra hand 
labor is required. 

For work of considerable magnitude, the tile ditcher can excii* 
vate a trench at about ^ the cost of hand labor. 


* BtaeU uu lAO dayn per year uud au s-yoar life. 
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REVIEW QUESTIONS 


ON TUB DUBJBt'T OB 

RAILROAD ENGINEERING 

PART I 


1. What aro the plomontn of railroad location which arc in 
general antagonistic? D(*duc<* from the ahove the chief dutieH of 
the locating engineer. 

2. What is the chief object to be ai'compiished by a recon- 
noisHance survey? 

3. What arc the three element.^ involved in the survey of 
any line and what are the methods of det<‘rmining th(*se elements 
in rcconnoisaance surveys? 

4. What is the praidical value and what are the limitations 
of barometric leveling? 

5. What is the general object to be accomplished by means 
of a preliminary survey? 

G. To what extent should the < (-npass iu*edle be used dur¬ 
ing preliminary surveys? 

7. Why is it that a Ixicke level with its limite<l a<*curacy is 
a proper instrument for cross-sec;j^ion work? 

8. Under what circumstances is the stadia method advan¬ 
tageous for preliminary surveys? 

9. What is the justification of making two or more pre¬ 
liminary surveys through difficult portions of the route? 

• 10. How are the tangents and curves for the “location" 

determined? How ii the location survey “tied" to the prelim¬ 
inary survey? 

11. How would you sdlect a low^ade line through a difficult 
piece of mountainous country? 

12. How are tranint stations and heneb marks secured 
against di^turbanoe during construction of the road? 
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13. Define the degree of a curve. AVhat is the approximate 
mle for the radius of a curve of a given degree? What is the 
percentage of error of this rule for a 10” curve ? 

14. What is a snb-chord ? What M ill l)e the excess dength 
of a Hiih-cljord with a nominal length of 45' on a 5’ curve? ^ 

15. What is the difference betM’een the nominal length of •- 
railroad curve and its true length measured on the arc? Wha. 
will this amount to in the case of a 6” curve subtending a centrals 
angle of 34” 30'? 

10. If tw'O adjacent tangents which make an angle of 24” 10. 
are connected by a 3' 30'curve, what w’ill l)e the distance fr 
vertex to the point of the curve ? •• .> 

17. In the case given above, how far will the curve pass 
from the vertex { 

is. A 3” 30' curve is to Iwgin at Sta. 142 -j- 65 and is to 
have a total central angle of 2H^ 30' ; compute the deflections from 
the tangent at the P.(’. to each station and to the P.T. 

10. In the alK>ve case assume that on account of obstructions 
to sighting it was necx^ssary to set up the instrument at Bta. 147 
and sight back to Sta. 144. Applying the rule of section 25, what 
should 1 h) the reading of the horizontal plate when the instrument 
is sighted at Bta. 144, and what should lie the reading w'hen it is 
sightt^l ahead at Sta. 148 ? 

20. Assume that a 3 ’ curve having a central angle of 14” 30 
is to i>e locatt*d by tangential offsets; make a sketch of this case 
and compute and mark on the sketch the deflections and distances. 

21. After running a 4” curve to some point /i as in Figure 
10, the curve is found to be obstructed. It is estimated that the 
curve would again clear alxiut 400 feet further on. CTompute 
the long chord h/h and the angle which nm -would make with a 
tangent to the curve at n. What Mould be the offset from this 
long chord to the second station beyond n ! 

22. Give detailed solutions of the jflrobleius stated in sec¬ 
tion 809 

23. Give detail^ solutions of the problems stated in sec 

tiem 849 

21, What is the essential character of a transition enm and 
why it is neoMsary 9 
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ON TUN SHTBAitTr OP 

RAILROAD ENGINEERING 

PAllT II 


What is the chief cause of the deterioration of locomotive 
due to impure water supply? 

2. What are the chief difficulties encountered in t.hf^ <?onstruc- 
tion of engine houses and how are the difficulties met? 

3. What elements must be considered in computing the total 
cost of any kind of railroad tie? 

4. What is the preferable method of locating ties with refer¬ 
ence to rail joints? 

5. Assuming that an 85-pound rail and a 70-pound rail have 
similar cross-sections, what is the relative stiffness? 

6. What are the elements of a perfect rail joint and why is it 
im{:)ossible to produce a perfect rail joint for steani railroad work? 

7. Why are plain smooth spikes preferable to spikes which 
are jagged? 

8. What are the three principles which form the basis of the 
design of nut locks? 

9. Give a brief statement of the general methods of obtaining 
a pure water supply. 

10. What are the elements of an idcdl form of ballast? What 
the disadvantages of ‘'mud” ballast? What are the aiivantages of 
stone ballast? 

* 11. What are the causes, other than mere decay of the wood, 
which require that ties should be renewed? 

12 What are the features of the A. S. C. E. rail section which 
are constant for all weights of rails aind what are the proportions 
/hich are constant or nearly constant? 

ld< What are the advantages and disadvantag(«s in usii^ 
very Umg r|lhi? 


M9 
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m 

14. What are the advantages obtained by the use of 
plates? 

IT). How many track bolts in a mile of single track using six- 
lM>lt splice bars and iiO-foot rails? 

1(). How much is allowed for rail expandon and how is thli 
practically provided for? 

17. How much gap would you allow at a rail joint when the 
temperature of the rail at the time of laying is 4o* F? 

18. What should be the middle ordinate of a 30-foot rail bent 
to a 40® curve? 

19. What would be the superelevation of the outer rail for a 
(>0® curve when the maximum speed is 43 miles per hour? 

20. If the maximum speed for trains is assumed at 60 miles 
per hour, what will be the length of a string or tape which, when 
stnotched as a chord inside the rail, will give a middle ordinate 
ecjual to the required superelevation? 

21. What is the fundamental advantage of a point switch 
over a stub switch^ 

22. Suppose it were required to make to order a frog having 
a frog angle of 6® 30'; what would l)e the frog number? 

23. Verify the calculations for the length of the lead of a 
switch from a straight track using a No. 8 frog on the ba.sis, first, 
of circular lead rails, and second, of straight point rails and straight 
frog rails, using the values given in Table III. 

24. If a No. 8 frog has been ust^d in suritching from a straight 
track, what will be the radius of the connecting curve when the 
distance between track centers is 13 ft.? 

25. What, will be the length and radius of the connecting 
curve running from a switch on the outside of a main track, which 
is a 4® 30' curve, the frog used being No. ft and the distance between 
the track centers 13 ft.? 

26. Make idl the computations for the location of a turnout 
to the inside of a 4® curve using a No. 8 frog. . 

27. What are the different kinds of tracks making up a frm^t 
yardf 

28. By what device is en(^e service economised in phuming 
a freight yard? 


4M 
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ON TH£ SUBJECT OF 

RAILROAD ENGINEERING 

PART III 


1. Dineuss the two classes of financial interests in tho 
ownership of railroads—the security and profits of each. 

2. Describe methods of estimating the probable volume 
of traffic on a proposed road. 

3. Discuss the division of the gross revenue and the |N*r- 
ccmtages spent in operating expenses, fixed charges, and dividt^nds. 

4. Discuss operating exiKmses i>er train-mile; their uni¬ 
formity for heavy and light traffic roads; the tendency toward 
variation of the chief items. 

5. Discuss the relation of railroad rates to railroad exixmscs. 

6. Explain why a reduction in distance is profitabk^ when 
handling competitive business, but unprofitable when handling 
non-competitive business. 

7. * Discuss curve compensation; (he reasons for its use; 
the values which should be employed. 

8. Explain the distinction Ij^ptween minor and ruling grades. 

9. What is the meaning of ^‘velocity head"? What is the 
velocity head of a train when moving at tho following velocities 
in miles per hour: 21; 27.4; 32.25? What velocities correspond to 
velocity heads of 18.58; 38.92; 49.25? 

. 10. Explmn the fundamental principle of a virtual profile, 
and describe its use and possible misuse. 

U. Oasaify train resistances, with a brii^ discussion of each 
daaa or kind. 

m 

12.* How much additional tractive force per ton will be 
necessary to increase the velocity of a train from 8 m.p.h. to 22 
m.p.fa. in a ^uitance of 800 feet? 
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13. AfiMurac that an engine weighs 253,000 pounds and 
that its cylinder tractive power at Af velocity is 33,778 pounds, 
what is its rating for a 1.1 per cent grade? 

14. How many cars (empties) each weighing 17 tons, could 
be hauled up that grade? 

15. On the basis of a Mikado locomotive, with 220,000 
pounds on the drivers, weighing 435,000 pounds, including tender, 
total luxating surface 4720 square feet, besides a superheater, 
l>oih*r pressure 170 [Kiunds, using 4000 f)ound8 of coal per hour, 
whose effective B.t.u. is ll,5tK), cylinders 28 inches in diameter 
and 32 inches stroke, drivers 63 inches diameter: 

(a) What is the maximum velocity (M) at which full pres¬ 
sure of steam may be maintained? 

(b) What will be the cylinder tractive jwwer and the draw¬ 
bar pull at M velocity? 

(c) What will be the cylinder tractive power at a velocity 
of 20 in.p.h.? 

(d) Draw the curves for cylinder tractive power and draw¬ 
bar pull for all velocities up to 35 milcK per hour. 

(e) Assuming a train of 20 freight cars averaging 68 tons 
and a caboose weighing 12 tons, what is the niaidmum rate of 
speed which could be maintained on a 0.7 per cent grade? 

(f) Draw the speed curve for acceleration from starting to 
maximum speed for this train and grade. 

16. Demonstrate the fundamental principle in the economy 
of pusher grades. 

17. Given a maximum grade of 2.10 per cent, what would be 

the corresponding through grade if one pusher engine is used— 
the engine being of the type descril)ed in Question 15? If two 
pushers were used on the 2.10 per cent grade, what would be the 
correst)Onding one-pusher and through grades? < 

. .18. Discuss the elements of the cost of the operation of 
pusher engines. 

19. Discuss the fundamental principles of the '‘balance of 
grades for unequal traffic”. 

20. Assume that an investigation showed a 3:1 ratio in 
east-bound and west^bound traffic. On the'basis of a 0.7 per 
cent igrade i^ainst east-bound traffic and the use for both through . 
and. pual^ work of eag^s of the type described in Question 15, 
whatjnrould be the corresponding grade i^nst west-b^^omd traffie? 



REVIEW QUESTIONS 

ON TUB SUBJECT OF 

EARTHWORK 

I'AUT I 


1. State the different elasnes of |)ower nliuvelH. 

2. How would you excavate a canal 200 feet wid(‘ an<l 15 
feet deep? 

3. Compute the time and cost of excavation with a ‘J-yanl 
revolving shovel of a basement excavation, 2(K) feet long, tK) f'-et 
wide, and 10 feet deep, in a sandy clay soil. 

4. How many cubic yards of loam and clay can one laborer 
loosen from a pit 5 feet di^ep and shovel into 1 ^-yard dump wagons 
in a 9-hour day? 

5. Compute the cost of operation of a 2-yard drag-line 
excavator on an irrigation canal in glacis' clay and requiring the 
removal of about 2500 cubic yards per 100 feet, 

6. What is the most efficient method of supporting an 
excavator on soft wet soils? 

7. Describe the method of oi^erationof an elevating grader. 

8. Give an analytical statement showing the relative 
.economy of band- and power-shovel excavation. 

9. Discuss the factors which determine the method to In* 
used in excavation. 

JO. Discuss the relative efficiencies of four types of scrapers. 

11. State the advantages of electric operation of a power 
drovel. 

12. What is the drag-line principle? 

13. IJescribe a machine which can excavate a canal to a 
/ true grade and with imciooth side slopes. 

14. Deecribe and illustrate by a diagram the operation of a 
double^owerv-excavator. 
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13. JX‘Hcribo the different tools and methods of loosening 
earth. 

10. Describe the method of grading up an earth road inth 
a blade grader. 

17. What are the relative advantages of blade and elevating 
graders in earth-road construction? 

IS. Describe the method of operation of a steam shovel of*, 
the fixed-platform typt'. 

11). Describe the most economical power equipment to use 
on a drag-line excavator oiM'rating on a canal in the Middle West, 
twenty mih'S from a railroad. 

20. What are th<* special fields of usefulness of the small 
revolving shovels? 

21. Describe th<* various types of hand shovels. 

22. What tyi)e of dredge would you use on a job where there 
wen* .s(*veral canals to be dug in the same locality? 

28. Describe the machine w'hich can be most economically 
used for the excavation of small ditches in favorable soils. 

24. Describe the w'alking equipment of a walking drag-line 
excavator. 

25. Discuhs the relative efficiency of different types of 
excavators in shallow earth excavation. 


m 



REVIEW QUESTIONS 

ON THE fflmJECT OF 

EARTHWORK 

PART II 


1. What are the principal fieldH of uaefulnc^fis of a hydraulic 
dredge? 

2. Compute the cost per foot of trench excavation and 
tile laying for 12-incb tile at a depth of 5 feet. 

3. Can a hydraulic 'dredge excavate hard materials? 

4. What are the different classes of dipp<*r drcnlges? 

3. Describe a ditcher which can excavate a trench and 
lay tile. 

6. D^cribe the operation of a Lobnitz rock cutter. 

7. Describe the most efficient op<‘rating equipment of a 
dipper dredge. 

8. Why has the ladder dredge not Iwcome a more generally 
used excavator in this country? 

9. iMscuss the relative merits of three different makes of 
continuous bucket excavators. 

10. Wbat are the fields of usefulness of the tower cableway? 

. 11. Describe Ihe method of operation of a ladder dredge. 

12. What kind of side spuds are the most sati8fa<*tory for 
dredge operation in narrow canals? 

^13. Describe the continuous bucket excavator. 

14. How are high banks excavated with a ladder dredge? 

15. lUiutrate and describe the section of a ditch which a 
dipp^ dredge can e»!ayate. 

16. What is the best form of excavator to use in the excavation 
large W^ehes in narrow dty streets? Why? 

17» Describe three types of buckets. 

Dgimbe operatiiig equ^nnent of a hydraulic dredge. 
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19. What method of subaqueous rock excavation is used is 
this country? 

20. TOcn should electric operation be used on a hydrauhe 
dredge? 

21. How would you operate traveling derricks on trench 
excavation? 

22. Describe the method of operation of the trestle track 

excavator. ' 

23. Compare thfe relative efficiency and scope of work of 
the Lobnitz rock cutter and the drill boat. 

24. State the different classes of trench excavators. 

2o. Discuss the field of usefulness of the dipper dredge. 
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